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(57) In a planetary gear unit 1 20, a planetary carrier 
123 is linked with an engine 150, a sun gear 121 with a 
motor 130, and a ring gear 1 22 with a motor 140 and an 
axle 116. A clutch 160 is disposed between the plane- 
tary gear unit 1 20 and the motor 1 40 to connect and dis- 
connect the planetary gear unit 120 with and from the 
motor 140. A brake 162 is also provided to constrain the 
ring gear 122 in a released position of the clutch 160. 
The state of coupling the clutch 1 60 attains the structure 
of a parallel hybrid vehicle. The state of releasing the 
clutch 160 and activating the brake 162 to constrain the 
ring gear 122 attains the structure of a series hybrid ve- 
hicle. The technique of the present invention changes 
over the drive mode according to the driving state of the 
hybrid vehicle, thus ensuring an efficient drive that takes 
advantage of the characteristics of the respective drive 
modes. 
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Description 

Technical Field 

[0001 ] The present invention relates to a power output 5 
apparatus that has both an engine and a motor as power 
source and is capable of changing over the connection 
state of the motor and the engine, as well as to a hybrid 
vehicle and a method of controlling the hybrid vehicle. 

10 

Background Art 

[0002] Hybrid vehicles having both an engine and a 
motor as power source have been proposed recently. 
The hybrid vehicles are divided into two large groups: *5 
series hybrid vehicles and parallel hybrid vehicles. In the 
series hybrid vehicle, a generator converts all the output 
power of the engine into electric power and a motor 
linked with a drive shaft is driven with the electric power. 
In the parallel hybrid vehicle, the output power of the 
engine is divided into two portions. One portion is trans- 
mitted directly to the drive shaft in the form of mechan- 
ical power, whereas the residual portion is converted in- 
to electric power and output to the drive shaft. 
[0003] The series hybrid vehicle enables the engine 
to be driven at a drive point of the highest driving effi- 
ciency, which is selected among possible drive points 
that allow supply of the electric power required for driv- 
ing the motor linked with the drive shaft. The series hy- 
brid vehicle can thus be driven with the high driving ef- 
ficiency, irrespective of the driving conditions of the ve- 
hicle. 

[0004] The parallel hybrid vehicle enables part of the 
power output from the engine to be transmitted directly 
to the drive shaft in the form of mechanical power. There 
is naturally no loss due to the conversion into electric 
power. The parallel hybrid vehicle accordingly attains 
the higher driving efficiency than the series hybrid vehi- 
cle. The parallel hybrid vehicle, on the other hand, re- 
quires the complicated control procedures to drive the 
vehicle with the high driving efficiency, compared with 
the series hybrid vehicle. The loss in the course of the 
power transmission may be increased according to the 
driving conditions of the vehicle and lower the driving 
efficiency. 

[0005] The prior art hybrid vehicle is fixed to either the 
series hybrid structure or the parallel hybrid structure. 
No discussion has been made on the technique of si- 
multaneously utilizing the advantages of both the series 
hybrid structure and the parallel hybrid structure. There 
is accordingly a requirement for further improvement in 
driving efficiency of the prior art hybrid vehicle. This is- 
sue arises not only in the vehicles but is commonly found 
in any hybrid-type power output apparatus. 

Disclosure of the Invention 

[0006] In order to solve the problem of the prior art 



2 

technique discussed above, the object of the present in- 
vention is to provide a hybrid-type power output appa- 
ratus having the advantages of both the series hybrid 
structure and the parallel hybrid structure, as well as 
such a hybrid vehicle. 

[0007] The present invention is directed to a power 
output apparatus having at least an engine and two mo- 
tors and causing power to be output from a drive shaft. 
The power output apparatus includes changeover 
means that changes over a connection state of the en- 
gine and the two motors between a parallel connection 
mode, in which at least part of output of the engine is 
transmitted in the form of mechanical power to the drive 
shaft and at least one of the two motors is utilized as a 
power source, and a series connection mode, in which 
at least one of the two motors converts the output of the 
engine into electric power and the other motor recon- 
verts the electric power into mechanical power and out- 
puts the mechanical power to the drive shaft. 
[0008] The power output apparatus of the present in- 
vention selectively uses the parallel connection mode 
and the series connection mode, thus ensuring a drive 
that takes advantage of the characteristics of both the 
parallel power output apparatus and the series power 
output apparatus. 

[0009] In accordance with one preferable application 
of the power output apparatus, one of the two motors 
functions as a power regulation unit, which has at least 
two rotating shafts and is capable of regulating magni- 
tude of power transmitted between the at least two ro- 
tating shafts through transmission of electric power. The 
power regulation unit and the other motor are arranged 
in series between an output shaft of the engine and the 
drive shaft. The changeover means includes: a connec- 
tion mechanism that connects and disconnects the pow- 
er regulation unit with and from the other motor; and a 
constraint mechanism that constrains one of the at least 
two rotating shafts in the power regulation unit and 
thereby allows conversion between electric power and 
mechanical power in the power regulation unit in a re- 
leased position of the connection mechanism. 
[0010] In the power output apparatus of this applica- 
tion, coupling the connection mechanism attains the 
parallel power output apparatus, which enables the out- 
put power of the engine to be transmitted to the drive 
shaft. Releasing the connection mechanism, on the oth- 
er hand, prevents the output power of the engine from 
being transmitted directly to the drive shaft. In the re- 
leased position of the connection mechanism, the func- 
tion of the constraint mechanism to allow the conversion 
between electric power and mechanical power in the 
power regulation unit attains the series power output ap- 
paratus, which converts all the output power of the en- 
gine into electric power and then causes the electric 
power to be output from the drive shaft. 
[0011] More concretely, the power output apparatus 
has two configurations: a first configuration, in which the 
engine, the power regulation unit and the constraint 
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mechanism, the connection mechanism, the motor, and 
the drive shaft are arranged in this order, and a second 
configuration, in which the engine, the motor, the con- 
nection mechanism, the power regulation unit and the 
constraint mechanism, and the drive shaft are arranged 
in this order. In the first configuration, the connection 
mechanism in the released position effects the series 
power output apparatus, in which the power regulation 
unit converts the output power of the engine into electric 
power and the motor carries out the power operation 
with a supply of the electric power. In the second con- 
figuration, the connection mechanism in the released 
position effects the series power output apparatus, in 
which the motor converts the output power of the engine 
into electric power and the power regulation unit carries 
out the power operation with a supply of the electric pow- 
er. The technique of the present invention may be ap- 
plied to either of these arrangements. 
[0012] In the power output apparatus of the present 
invention, the power regulation unit may be constructed 
as a pair-rotor motor having two rotors that are rotatable 
relative to each other, or may include a planetary gear 
unit having three rotating shafts and a motor generator 
linked with one of the three rotating shafts. 
[0013] The power regulation unit may have any other 
construction as long as it exerts the functions discussed 
above. 

[001 4] Any of these constructions works as the power 
regulation unit as discussed below. In the pair-rotor mo- 
tor, electromagnetic coupling between the two rotors al- 
lows mechanical power to be transmitted from one rotor 
to the other rotor. When there is a slip between the two 
rotors, the pair-rotor motor may regenerate the electric 
power corresponding to the slip to allow transmission of 
the reduced power to the other rotor. The pair-rotor mo- 
tor may, on the contrary, carry out the power operation 
with a supply of electric power to allow transmission of 
the increased power to the other rotor. 
[0015] In the latter construction, the power regulation 
may be actualized through the function of the planetary 
gear unit. The planetary gear unit has the mechanical 
characteristic that the settings of the rotating state of any 
two rotating shafts among the three rotating shafts un- 
equivocally determine the rotating state of a residual ro- 
tating shaft. The power input from one rotating shaft to 
the planetary gear unit is divided into a power portion 
transmitted to the motor generator and another power 
portion transmitted to the residual rotating shaft. The 
power transmitted to the motor generator can be regen- 
erated in the form of electric power. In the above con- 
struction, regenerating part of the power input into the 
planetary gear unit into electric power reduces the mag- 
nitude of the power transmitted in the form of mechani- 
cal power. The motor generator may also carry out the 
power operation with a supply of electric power to in- 
crease the power input into the planetary gear unit and 
transmit the increased power. 

[001 6] In the construction where the power regulation 
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unit includes the planetary gear unit, the constraint 
mechanism may link the residual two rotating shafts of 
the planetary gear unit with each other. 
[0017] As described previously, the planetary gear 

5 unit has three rotating shafts. In the power output appa- 
ratus of the present invention, the first rotating shaft is 
connected with the motor generator, the second rotating 
shaft with the connection mechanism, and the third ro- 
tating shaft with either the output shaft of the engine or 

10 the drive shaft. Under such linkage conditions, when the 
connection mechanism is in the released position, the 
rotating state of the second rotating shaft is not con- 
strained. The planetary gear unit has the mechanical 
characteristic that settings of the rotating state of two 

15 rotating shafts automatically determine the rotating 
state of the residual rotating shaft. While the rotating 
state of the second rotating shaft is not specified, the 
rotating state of the rotating shaft that receives the pow- 
er is not determined in the case of the power transmis- 

20 sion between the first rotating shaft and the third rotating 
shaft. 

[0018] The constraint mechanism of the above ar- 
rangement links the residual two rotating shafts of the 
planetary gear unit with each other, that is, connects the 

25 second rotating shaft with the third rotating shaft. The 
rotating state of the second rotating shaft is accordingly 
constrained by the rotating state of the third rotating 
shaft, so that the second rotating shaft is rotated inte- 
grally with the third rotating shaft. This specifies the ro- 

30 tating state of the second rotating shaft and thereby al- 
lows the power transmission between the first rotating 
shaft and the third rotating shaft. A variety of means, 
such as a clutch or a gear, may be applied to connect 
the two rotating shafts with each other. 

35 [0019] In accordance with one preferable embodi- 
ment, the constraint mechanism constrains rotation of 
a specific rotating shaft that is linked with the connection 
mechanism, among the at least two rotating shafts in 
the power regulation unit. 

40 [0020] The constraint mechanism of this arrangement 
is advantageously applied to the power regulation unit 
of any construction. 

[0021] The present invention is not restricted to the 
power output apparatus described above, but may be 

45 directed to a hybrid vehicle with the power output appa- 
ratus mounted thereon. As described previously with re- 
gard to the power output apparatus, the hybrid vehicle 
of the present invention ensures a drive that takes ad- 
vantage of the characteristics of both the parallel hybrid 

so vehicle and the series hybrid vehicle according to the 
driving conditions of the vehicle. 

[0022] In the hybrid vehicle of the present invention, 
the changeover means may manually implement the 
changeover. In accordance with one preferable applica- 
55 tion, however, the hybrid vehicle further includes: detec- 
tion means that detects a predetermined parameter re- 
lating to a driving state of the hybrid vehicle; and control 
means that controls the changeover means to change 
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over the connection state, based on a result of the de- 
tection. 

[0023] This application enables the adequate connec- 
tion state to be selectively used according to the driving 
conditions of the vehicle without any specific load of the 
driver, thus sufficiently taking advantage of the charac- 
teristics of both the parallel hybrid vehicle and the series 
hybrid vehicle. 

[0024] In the hybrid vehicle having the control means, 
a diversity of control techniques may be adopted to 
change over the connection state. 
[0025] In a first embodiment, the control means se- 
lects the connection state of high driving efficiency 
against the driving conditions of the vehicle. 
[0026] The series hybrid vehicle selects a drive point 
of favorable driving efficiency among possible drive 
points that allow output of the required power, and drives 
the engine at the selected drive point, thus attaining the 
high driving efficiency in a relatively stable manner, re- 
gardless of the driving conditions of the vehicle. In the 
series hybrid vehicle, however, the output power of the 
engine is once converted into electric power, then re- 
converted into mechanical power by the motor or the 
like, and output from the drive shaft. There is accordingly 
a loss due to the conversion and the reconversion. In 
the parallel hybrid vehicle, on the other hand, the engine 
is driven at a selected drive point of favorable driving 
efficiency, while part of the output power of the engine 
is transmitted directly to the drive shaft in the form of 
mechanical power. The parallel hybrid vehicle accord- 
ingly has the higher driving efficiency than the series hy- 
brid vehicle. In the parallel hybrid vehicle, however, pow- 
er circulation may arise according to the driving condi- 
tions of the vehicle and lower the driving efficiency, as 
discussed below. 

[0027] The discussion first regards the reason why 
the power circulation arises in the structure where the 
motor is linked with the drive shaft that is, in the first 
configuration where the engine, the power regulation 
unit and the constraint mechanism, the connection 
mechanism, the motor, and the drive shaft are arranged 
in this order. Fig. 34 shows an example of such config- 
uration of the hybrid vehicle. In the illustrated hybrid ve- 
hicle, a combination of a planetary gear unit PG with a 
generator G is applied for the power regulation unit. The 
planetary gear unit PG includes a sun gearSG revolving 
on the center, a planetary pinion gear PC revolving both 
round the sun gear SG and on its axis, and a ring gear 
RG revolving round the planetary pinion gear PC. In the 
hybrid vehicle of Fig. 34, a crankshaft CS of an engine 
is linked with the planetary carrier PC. The generator G 
is linked with the sun gear SG. A motor AM is linked with 
the ring gear RG, which is further connected to a drive 
shaft DS. 

[0028] The process of power transmission in this hy- 
brid vehicle is discussed below with reference to Figs. 
35 and 36. Fig. 35 schematically illustrates the flow of 
power in the underdrive condition where the output pow- 



er of the engine is converted into a combination of re- 
duced revolving speed and enhanced torque and is out- 
put from the drive shaft DS, while the product of the re- 
volving speed and the torque is fixed. A power PU1 out- 

5 put from the engine is divided into two portions corre- 
sponding to a gear ratio of the planetary gear unit PG. 
Controlling the revolving speed and the torque of the 
generator G connecting with the sun gear SG causes a 
power PU2 having a revolving speed that coincides with 

10 a target revolving speed to be transmitted to the ring 
gear RG. In the underdrive condition, the target revolv- 
ing speed is lower than the engine speed, so that the 
power PU2 is smaller than the output power PU1 of the 
engine. The residual power out of the output power of 

15 the engine is transmitted to the sun gear SG. The gen- 
erator G linked with the sun gear SG regenerates the 
transmitted power in the form of electric power EU. The 
motor AM carries out the power operation with a supply 
of the electric power EU to supplement the insufficient 

20 torque. A power PU3 defined by the required combina- 
tion of the target revolving speed and the target torque 
is accordingly output to the drive shaft DS. 
[0029] Fig. 36 schematically illustrates the flow of 
power in the overdrive condition where the output power 

25 of the engine is converted into a combination of en- 
hanced revolving speed and reduced torque and is out- 
put from the drive shaft DS. In this case, the generator 
G connecting with the sun gear SG carries out the power 
operation to enhance the revolving speed of the power 

30 PU1 output from the engine, and a power PU3 having 
the enhanced revolving speed is transmitted to the ring 
gear RG. The motor AM then applies loading to adjust 
the excess torque and causes a power PU4 defined by 
the required combination of the target revolving speed 

35 and the target torque to be output to the drive shaft DS. 
The motor AM regenerates part of the power PU4 in the 
form of electric power EU2 to apply the loading. The 
electric power EU2 is used for the power operation of 
the generator G. 

40 [0030] In the underdrive condition, in the course of 
transmitting the output power of the engine to the drive 
shaft DS, the electric power regenerated by the up- 
stream generator G is supplied to the downstream motor 
AM. In the overdrive condition, on the contrary, the elec- 

45 trie power regenerated by the downstream motor AM is 
supplied to the upstream generator G. The electric pow- 
er supplied to the generator G is again transmitted in the 
form of mechanical power to the downstream motor AM . 
In the overdrive condition, there is accordingly a power 

so circulation y1 . The power circulation yl reduces the rate 
of the power effectively transmitted to the drive shaft DS 
to all the output power of the engine, thus lowering the 
driving efficiency of the hybrid vehicle. 
[0031] The power circulation does not always arise in 

55 the range where the revolving speed of the drive shaft 
is higher than the engine speed. The relationship be- 
tween the revolving speed of the drive shaft and the en- 
gine speed that starts the power circulation may depend 
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upon the gear ratio of the planetary gear unit. In the 
specification hereof, in the structure where the motor is 
linked with the drive shaft, the state of causing power 
circulation while the revolving speed of the drive shaft 
is higher than the engine speed is called the overdrive 
condition. 

[0032] Fig. 37 illustrates the hybrid vehicle in the 
structure where the motor is linked with the engine, that 
is : in the second configuration where the engine, the mo- 
ton the power regulation unit, and the drive shaft are 
arranged in this order. Like the structure of Fig. 34, the 
generator G is linked with the sun gear SG of the plan- 
etary gear unit PG, the crankshaft of the engine with the 
planetary carrier PC, and the drive shaft DS with the ring 
gear RG. The difference from the structure of Fig. 34 is 
that the motor AM is linked with the crankshaft in the 
structure of Fig. 37. 

[0033] The process of power transmission in this hy- 
brid vehicle is discussed below with reference to Figs. 
38 and 39. Fig. 38 shows the process of power trans- 
mission in the underdrive condition, and Fig. 39 shows 
the process of power transmission in the overdrive con- 
dition. In this structure, the reverse phenomena occur 
to those in the structure where the motor is linked with 
the drive shaft. In the underdrive condition, electric pow- 
er E01 regenerated by the downstream generator G is 
supplied to the upstream motor AM. In the overdrive 
condition, electric power E02 regenerated by the up- 
stream motor AM is supplied to the downstream gener- 
ator G. While the motor is linked with the output shaft of 
the engine, in the underdrive condition, there is a power 
circulation -y2 shown in Fig. 39 to lower the driving effi- 
ciency of the hybrid vehicle. In the specification hereof, 
in the structure where the motor is linked with the en- 
gine, the state of causing power circulation while the re- 
volving speed of the drive shaft is lower than the engine 
speed is called the underdrive condition. 
[0034] In the parallel hybrid vehicle in either of the first 
configuration of the second configuration, the power cir- 
culation arises according to the driving conditions of the 
vehicle to lower the driving efficiency. The hybrid vehicle 
of the present invention takes into account these facts 
and compares the driving efficiency in the structure of 
the series hybrid vehicle with the driving efficiency in the 
structure of the parallel hybrid vehicle to select the suit- 
able structure having the higher driving efficiency ac- 
cording to the driving conditions of the vehicle. The hy- 
brid vehicle of the present invention thus enhances the 
driving efficiency. The above description regards the re- 
lationship between the driving efficiency and the driving 
state of the vehicle in the exemplified configurations. In 
any configuration, the parallel hybrid vehicle and the se- 
ries hybrid vehicle generally have the high driving effi- 
ciency in different driving areas. The adequate selection 
between the structure of the parallel hybrid vehicle and 
the structure of the series hybrid vehicle thus ensures 
the enhanced driving efficiency in a wide driving range. 
[0035] in a second embodiment, the detection means 



determines whether or not a current gearshift position 
is at a reverse position, and the control means selects 
the series connection mode when it is determined that 
the current gearshift position is at the reverse position. 

5 [0036] The hybrid vehicle of this embodiment releas- 
es the connection mechanism to attain the structure of 
the series hybrid vehicle when the gearshift position is 
at the reverse position, that is, when the vehicle is in a 
reverse driving state. Such control procedure enables 

10 the hybrid vehicle to output a sufficient torque and en- 
sure a smooth drive in the reverse direction, because of 
the reasons discussed below. 

[0037] As described previously, the parallel hybrid ve- 
hicle enables part of the output power of the engine to 

15 be directly transmitted to the drive shaft. The engine 
generally rotates in one fixed direction, whether the ve- 
hicle goes forward or goes back. In the parallel hybrid 
vehicle, it is accordingly required to convert the mechan- 
ical power output from the engine into a power in the 

20 reverse direction for a reverse drive. Such conversion 
may be attained by controlling the revolving speeds of 
the power regulation unit and the motor. This method 
compensates for the torque output from the engine in 
the direction of moving the vehicle forward and thereby 

25 reduces the torque output from the drive shaft. This 
method also requires the delicate balance among the 
engine, the power regulation unit, and the engine. A var- 
iation in torque output from the engine thus often leads 
to a variation in torque output to the drive shaft, which 

30 results in the poor ride. 

[0038] The hybrid vehicle of the above embodiment 
takes the structure of the series hybrid vehicle in the 
course of reverse driving, thus preventing the power out- 
put from the engine from being directly transmitted to 

35 the drive shaft. This arrangement facilitates the control 
by reversely rotating the power regulation unit or the mo- 
tor linked with the drive shaft in the course of reverse 
driving. There is no need of compensation forthe output 
torque of the engine, thus allowing the power regulation 

40 unit or the motor to output a sufficient torque in the re- 
verse direction. 

[0039] In a third embodiment, the detection means 
determines whether or not the hybrid vehicle is at a stop, 
and the control means selects the series connection 
45 mode when it is determined that the hybrid vehicle is at 
a stop. 

[0040] The hybrid vehicle of this embodiment releas- 
es the connection mechanism to attain the structure of 
the series hybrid vehicle, while the vehicle is at a stop. 

so At the time of starting or stopping the engine while the 
vehicle is at a stop, this arrangement effectively pre- 
vents a torque variation on the drive shaft and thereby 
significantly improves the ride as discussed below. 
[0041] While the hybrid vehicle is at a stop, the engine 

55 may start or stop, for example, according to the state of 
charge in the battery. In the parallel hybrid vehicle, the 
function of the power regulation unit allows a start of the 
engine without outputting the power to the drive shaft 
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even while the vehicle is at a stop. In the configuration 
of Fig. 34, for example, the motor AM outputs the torque 
to compensate for the torque transmitted to the ring gear 
RG of the planetary gear unit PG, among the output 
power of the engine. In this case, the output power of 
the engine is regenerated in the form of electric power 
by the generator G. Starting the engine during the stop 
of the vehicle thus enables the battery to be charged 
with the regenerated electric power. In the case where 
the state of charge in the battery reaches a sufficient 
level, stopping the engine effectively saves the fuel con- 
sumption. Similar operations are allowed in the series 
hybrid vehicle. 

[0042] In the structure of the parallel hybrid vehicle, 
the start or the stop of the engine varies the torque trans- 
mitted to the drive shaft. It is practically impossible to 
control the motor AM linked with the drive shaft com- 
pletely following the torque variation and compensate 
for the torque transmitted to the drive shaft. In the struc- 
ture of the parallel hybrid vehicle, the start or the stop 
of the engine during the stop of the vehicle may accord- 
ingly cause vibrations of the vehicle and damage the 
ride. The hybrid vehicle of the above embodiment takes 
the structure of the series hybrid vehicle while the vehi- 
cle is at a stop. This arrangement effectively prevents 
the torque variation due to the start or stop of the engine 
from being transmitted to the drive shaft and thus sig- 
nificantly improves the ride during the stop of the vehi- 
cle. 

[0043] The third embodiment selects the structure of 
the series hybrid vehicle regardless of the state of 
charge in the battery, while the vehicle is at a stop. One 
possible modification may select the structure of the se- 
ries hybrid vehicle in the case where the two conditions 
a fulfilled, that is, when the vehicle is at a stop and when 
the state of charge in the battery is within a predeter- 
mined range. The predetermined range causes a start 
or a stop of the engine. Such control procedure may se- 
lect the structure of the parallel hybrid vehicle according 
to the state of charge in the battery, even when the ve- 
hicle is at a stop. This modified arrangement advanta- 
geously ensures smooth acceleration of the vehicle 
without a changeover from the series hybrid vehicle to 
the parallel hybrid vehicle. 

[0044] In a fourth embodiment, the detection means 
determines whether or not the hybrid vehicle is in a spe- 
cific driving state that requires motoring of the engine, 
and the control means selects the series connection 
mode when it is determined that the hybrid vehicle is in 
the specific driving state. 

[0045] In a fifth embodiment, the detection means de- 
termines whether or not the hybrid vehicle is in a certain 
driving state that requires a stop of the engine, and the 
control means selects the series connection mode when 
it is determined that the hybrid vehicle is in the certain 
driving state. 

[0046] The hybrid vehicle of the fourth or the fifth em- 
bodiment attains the structure of the series hybrid vehi- 



10 

cle at the time of motoring and starting the engine or at 
the time of stopping the engine. As described previously, 
in the structure of the parallel hybrid vehicle, the torque 
variation due to the start or the stop of the engine is 

s transmitted to the drive shaft. This leads to variation of 
the vehicle and damages the ride. The hybrid vehicle of 
the fourth or the fifth embodiment selects the structure 
of the series hybrid vehicle at the time of starting or stop- 
ping the vehicle. This arrangement effectively prevents 

10 the torque variation due to the start or stop of the engine 
from being transmitted to the drive shaft and thus sig- 
nificantly improves the ride at the time of starting or stop- 
ping the engine. 

[0047] In the fourth embodiment and the fifth embod- 
*5 iment, the hybrid vehicle selects the structure of the se- 
ries hybrid vehicle at the time of starting or stopping the 
engine, whether or not the vehicle is at a stop. One pos- 
sible modification may take the structure of the series 
hybrid vehicle at the time of starting or stopping the en- 
20 gine only when the vehicle is at a stop or is driven at a 
very low speed. During a normal-speed drive, the driver 
and the passengers do not sensitively feel the vibrations 
of the vehicle. The arrangement of selecting the struc- 
ture of the series hybrid vehicle only when the vehicle 
25 is at a stop or is driven at a low speed effectively pre- 
vents the changeover to the series hybrid vehicle every 
time the engine starts or stops during a drive in the struc- 
ture of the parallel hybrid vehicle, thus ensuring a 
smooth drive. 

30 [0048] In a sixth embodiment, the power regulation 
unit includes a planetary gear unit having three rotating 
shafts and a motor generator linked with one of the three 
rotating shafts, and the constraint mechanism links the 
residual two rotating shafts of the planetary gear unit 

35 with each other. The detection means detects a required 
torque to be output from the drive shaft, and the control 
means makes both the connection mechanism and the 
constraint mechanism in coupled positions when the re- 
quired torque is not less than a preset value. 

40 [0049] In the hybrid vehicle of the sixth embodiment, 
coupling both the connection mechanism and the con- 
straint mechanism allows the power to be output from 
the engine, the motor, and the motor generator to the 
drive shaft. When the required torque is not less than a 

45 preset value, the hybrid vehicle of this arrangement sets 
the connection mechanism and the constraint mecha- 
nism in the coupled positions and thereby effectively uti- 
lizes the power output from the engine, the motor, and 
the motor generator for a drive. The preset value is spec- 

50 rfied, based on the required torque that can be attained 
by outputting the power from the engine, the motor, and 
the motor generator to the drive shaft. 
[0050] In a seventh embodiment, the hybrid vehicle 
further includes: resonance detection means that de- 

55 tects occurrence of a resonance on at least one of the 
output shaft of the engine and the drive shaft; and res- 
onance suppression control means that, when the oc- 
currence of the resonance is detected at any shaft, con- 
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trols both the connection mechanism and the constraint 
mechanism to restrict a torque applied on the shaft with 
the resonance. 

[0051] In the hybrid vehicle, the inertia force of the 
power regulation unit and the motor linked with the out- 
put shaft of the engine and the drive shaft may cause 
torsional resonance on these rotating shafts. The tor- 
sional resonance is partly ascribed to the elastic defor- 
mation of a rotating shaft when the torque applied to the 
rotating shaft is greater than the inertia force of the pow- 
er regulation unit or the motor. The hybrid vehicle of the 
above embodiment controls the connection mechanism 
and the constraint mechanism to restrict the torque ap- 
plied on the rotating shaft with the detected resonance, 
thus relieving the resonance. 

[0052] The procedure of controlling the connection 
mechanism and the constraint mechanism may release 
these mechanisms or reduce the force of connection, 
as long as it can restrict the torque applied on the rotat- 
ing shaft. It is not necessary that the resonance sup- 
pression control means controls both the connection 
mechanism and the constraint mechanism, but may al- 
ternatively control one of these mechanisms that relates 
to suppression of the resonance. 

[0053] In the structure of controlling the connection 
mechanism and the constraint mechanism, it is prefer- 
able that the resonance suppression control means re- 
stricts the torque applied on the shaft with the resonance 
to be not greater than a torsional strength of the shaft. 
[0054] The torsional strength represents the maxi- 
mum torque that breaks the rotating shaft by the torsion- 
al resonance. The maximum torque can be set in ad- 
vance according to the material and the cross section 
of the rotating shaft. The restriction in the above manner 
at least prevents the rotating shaft with the resonance 
from being broken by the torsional resonance. 
[0055] It is also preferable that the resonance sup- 
pression control means restricts the torque applied on 
the shaft with the resonance to a specific level that caus- 
es no vibrations of the hybrid vehicle. 
[0056] The restriction in this manner significantly im- 
proves the ride of the vehicle. The specific level of the 
torque that causes no vibrations of the vehicle may be 
set in advance by analyses or experiments. Another ap- 
plicable procedure may feedback control the torque ap- 
plied on the rotating shaft with the resonance, based on 
the output of an acceleration sensor that senses the vi- 
brations of the vehicle. 

[0057] In accordance with one preferable application 
of the seventh embodiment discussed above that car- 
ries out the control to suppress the resonance, the pow- 
er regulation unit is linked with the engine, and the res- 
onance detection means detects the occurrence of the 
resonance on the output shaft of the engine in the re- 
leased position of the connection mechanism and in an 
active position of the constraint mechanism. The reso- 
nance suppression control means reduces a force of 
constraint by the constraint mechanism when the occur- 



rence of the resonance is detected. 
[0058] In the released position of the connection 
mechanism, that is, in the structure of the series hybrid 
vehicle : the constraint of the rotation of one of the rotat- 

5 ing shafts in the power regulation unit by the constraint 
mechanism enables the torque to be transmitted to the 
output shaft of the engine. The hybrid vehicle of the 
above application reduces the force of constraint by the 
constraint mechanism when the resonance occurs at 

10 the output shaft, in order to suppress the resonance. 
[0059] In the above application, it is preferable that 
the resonance detection means detects the occurrence 
of the resonance in the course of motoring the engine, 
and the resonance suppression control means reduces 

is the force of constraint by the constraint mechanism in a 
certain range that enables a specific torque, which al- 
lows motoring of the engine, to be added to the output 
shaft. 

[0060] This arrangement enables the operation of 
20 motoring the engine to be continued even when the 
force of constraint by the constraint mechanism is re- 
duced to suppress the resonance, thus ensuring a 
smooth start of the engine without any trouble. 
[0061] In accordance with another preferable applica- 
25 tion of the seventh embodiment, the resonance detec- 
tion means detects the occurrence of the resonance on 
the drive shaft in a coupled position of the connection 
mechanism, and the resonance suppression control 
means reduces a force of connection by the connection 
30 mechanism when the occurrence of the resonance is 
detected. 

[0062] In the coupled position of the connection 
mechanism, that is, in the structure of the parallel hybrid 
vehicle., all the engine, the power regulation unit, and 

35 the motor are mechanically linked with one another. This 
causes an extremely large inertia force. In this structure, 
a jack rabbit start or abrupt braking of the vehicle may 
cause an excess torque to l:e transmitted to the drive 
shaft and generate the resonance. The hybrid vehicle 

40 of the above application controls the connection mech- 
anism in such cases to restrict the torque trar emitted to 
the drive shaft, thus effectively suppressing the reso- 
. nance arising at the time of jack rabbit start or abrupt 
braking. 

45 [0063] In the above application, it is preferable that 
the resonance detection means detects th=s occurrence 
of the resonance in the course of braking the hybrid ve- 
hicle, and the resonance suppression control means re- 
duces the force of connection by the connection mech- 

50 anism in a certain range that enables transmission of a 
specific torque, which is not less than a maximum re- 
generative torque applied by one of the power regulation 
unit and the other motor arranged closer to the engine. 
[0064] This arrangement enables the regenerative 

55 braking by both the power regulation unit and the motor 
even when the force of connection by the connection 
mechanism is reduced to suppress the resonance. The 
hybrid vehicle of this arrangement enables the kinetic 
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energy accompanied by the drive of the vehicle to be 
regenerated in the form of electric power at a high rate, 
thus attaining a drive of high efficiency. 
[0065] In accordance with one preferable application 
of the present invention, the hybrid vehicle further in- 
cludes: route information input means that inputs route 
information relating to a driving state of the hybrid vehi- 
cle, with regard to a preset driving route of the hybrid 
vehicle, and the control means carries out the change- 
over by taking into account the route information. 
[0066] This application enables the adequate selec- 
tion between the structure of the series hybrid vehicle 
and the structure of the parallel hybrid vehicle, thus en- 
suring a smooth drive. In the case of any of the above 
control procedures taking into account only the driving 
conditions of the vehicle at a certain time, there may be 
frequent changeover between the structure of the series 
hybrid vehicle and the structure of the parallel hybrid ve- 
hicle according to the driving conditions of the vehicle. 
The frequent changeover damages the ride and lowers 
the response of the vehicle to a driver's action. The hy- 
brid vehicle of the above application carries out the 
changeover by taking into account the route information 
with regard to the planned driving route of the vehicle, 
thus preventing possible troubles due to the frequent 
changeover. When an increase in power consumption 
is expected, the hybrid vehicle may be driven in the 
structure suitable for charging the battery. 
[0067] The route information includes, for example, 
information showing whether or not the preset driving 
route includes an upward slope, information showing 
whether or not the preset driving route has a traffic jam, 
and information regarding the speed restriction. When 
the input route information shows an approach of the 
vehicle to an upward slope, the hybrid vehicle may se- 
lect the parallel mode suitable for charging the battery. 
The hybrid vehicle can be driven adequately based on 
the input route information regarding, for example, the 
presence of a curve in the preset driving route or the 
presence of a traffic jam, without requiring the frequent 
changeover of the drive mode. 

[0068] The above application 'takes into account the 
route information* to carry out the changeover. One pos- 
sible procedure selects the drive mode based on the 
route information in preference to the drive mode ac- 
cording to the driving state of the vehicle. Another pos- 
sible procedure modifies the mapping of the driving 
state of the vehicle to the drive mode, based on the route 
information. In this case, the procedure may extend the 
driving area of the series mode or, on the contrary, ex- 
tend the driving area of the parallel mode according to 
the route information. Still another possible procedure 
corrects the parameter representing the driving state of 
the vehicle, based on the route information. There are 
lots of other procedures to set the drive mode by reflect- 
ing the route information. 

[0069] The present invention is also directed to a 
method of controlling a hybrid vehicle. Here the hybrid 



vehicle includes: at least an engine and a motor as pow- 
er source for causing power to be output from a drive 
shaft; and changeover means that changes over a con- 
nection state of the engine and the motor between a par- 

5 allel connection mode, which transmits at least part of 
output of the engine to the drive shaft in the form of me- 
chanical power, and a series connection mode, which 
converts the output of the engine into electric power and 
outputs the electric power to the drive shaft. 

10 [0070] The method includes the steps of: 

(a) detecting a predetermined parameter relating to 
a driving state of the hybrid vehicle; and 

(b) controlling the changeover means to change 
is over the connection state, based on a preset map- 
ping of each range of the predetermined parameter 
to the connection state. 

[0071] The control method of the present invention 
20 adequately changes over the connection state of the hy- 
brid vehicle, thus ensuring a drive that takes advantage 
of the characteristics of both the parallel hybrid vehicle 
and the series hybrid vehicle. The control method may 
be applied to the hybrid vehicle having any of the various 
25 arrangements and applications discussed above. The 
diversity of settings discussed above as the first through 
the seventh embodiments, for example, the setting by 
giving the preference to the driving efficiency and the 
setting based on the gearshift position, are applicable 
30 for the preset mapping. 

Brief Description of the Drawings 
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[0072] 



Fig. 1 schematically illustrates the general structure 
of a hybrid vehicle in a first embodiment of the 
present invention; 

Fig. 2 enumerates possible connection states in the 

hybrid vehicle of the first embodiment; 

Fig. 3 shows basic operations of a planetary gear 

unit; 

Fig. 4 shows restriction of the engine speed against 
the vehicle speed; 

Fig. 5 is a flowchart showing a drive control routine; 
Fig. 6 is a flowchart showing a drive mode selection 
routine; 

Fig. 7 shows selection of the drive mode in the driv- 
ing range of the hybrid vehicle of the first embodi- 
ment; 

Fig. 8 is a flowchart showing a torque control rou- 
tine; 

Fig. 9 shows the relationship between the drive 
point of the engine and the driving efficiency; 
Fig. 10 is a flowchart showing a start-stop control 
routine; 

Fig. 1 1 is a flowchart showing a resonance suppres- 
sion control routine; 
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Fig. 12 shows settings of brake oil pressure; 
Fig. 13 shows settings of clutch oil pressure 
Fig. 14 shows the relationship between the drive 
mode and the driving efficiency; 
Fig. 15 is a nomogram applied at the time of high- 
speed drive; 

Fig. 16 schematically illustrates the structure of a 
hybrid vehicle in a modified example of the first em- 
bodiment; 

Fig. 17 enumerates possible connection states in 
the hybrid vehicle of the modified example of the 
first embodiment; 

Fig. 18 schematically illustrates the general struc- 
ture of a hybrid vehicle in a second embodiment; 
Fig. 19 enumerates possible connection states in 
the hybrid vehicle of the second embodiment; 
Fig. 20 is a flowchart showing a drive mode selec- 
tion routine executed in the second embodiment; 
Fig. 21 shows selection of the drive mode in the driv- 
ing range of the hybrid vehicle of the second em- 
bodiment; 

Fig. 22 schematically illustrates the general struc- 
ture of a hybrid vehicle in a third embodiment; 
Fig. 23 enumerates possible connection states in 
the hybrid vehicle of the third embodiment; 
Fig. 24 shows selection of the drive mode in the driv- 
ing range of the hybrid vehicle of the third embodi- 
ment; 

Fig. 25 is a flowchart showing a resonance suppres- 
sion control routine executed in the third embodi- 
ment; 

Fig. 26 schematically illustrates the structure of a 
hybrid vehicle in a modified example of the third em- 
bodiment; 

Fig. 27 enumerates possible connection states in 
the hybrid vehicle of the modified example of the 
third embodiment; 

Fig. 28 schematically illustrates the general struc- 
ture of a hybrid vehicle in a fourth embodiment; 
Fig. 29 enumerates possible connection states in 
the hybrid vehicle of the fourth embodiment; 
Fig. 30 shows selection of the drive mode in the driv- 
ing range of the hybrid vehicle of the fourth embod- 
iment; 

Fig. 31 schematically illustrates the general struc- 
ture of a hybrid vehicle in a fifth embodiment; 
Fig. 32 is a flowchart showing a drive mode selec- 
tion routine executed in the fifth embodiment; 
Fig. 33 shows selection of the drive mode in the driv- 
ing range of the hybrid vehicle of the fifth embodi- 
ment; 

Fig. 34 shows the structure of a prior art hybrid ve- 
hicle in a state of connecting an assist motor with 
an axle; 

Fig. 35 shows a process of power transmission in 
the underdrive condition in the prior art hybrid vehi- 
cle in the state of connecting the assist motor with 
the axle; 
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Fig. 36 shows a process of power transmission in 
the overdrive condition in the prior art hybrid vehicle 
in the state of connecting the assist motor with the 
axle; 

Fig. 37 shows the structure of the prior art hybrid 
vehicle in a state of connecting the assist motor with 
a crankshaft; 

Fig. 38 shows a process of power transmission in 
the underdrive condition in the prior art hybrid vehi- 
cle in the state of connecting the assist motor with 
the crankshaft; and 

Fig. 39 shows a process of power transmission in 
the overdrive condition in the prior art hybrid vehicle 
in the state of connecting the assist motor with the 
crankshaft. 

[0073] Best Modes of Carrying out the Invention 
(1 ) Construction of First Embodiment 

[0074] The construction of a first embodiment is dis- 
cussed below with reference to Fig. 1 . Fig. 1 schemati- 
cally illustrates the structure of a hybrid vehicle with a 
power output apparatus of the first embodiment mount- 
ed thereon. The hybrid vehicle has a power system of 
the following construction. An engine 1 50 included in the 
power system is a conventional gasoline engine and ro- 
tates a crankshaft 1 56. An EFIECU 1 70 controls driving 
of the engine 150 and is constructed as a one-chip mi- 
crocomputer including a CPU, a ROM, and a RAM. The 
CPU controls fuel injection of the engine 1 50 and carries 
out other control operations according to programs re- 
corded in the ROM. In order to attain such control, a di- 
versity of sensors representing the driving conditions of 
the engine 1 50 are connected to the EFIECU 1 70. Such 
sensors and switches are omitted from the illustration. 
The EFIECU 1 70 electrically connects with a control unit 
190 and transmits various pieces of information to and 
from the control unit 190 via communication. The 
EFIECU 170 receives a diversity of target values with 
regard to the driving conditions of the engine 1 50 from 
the control unit 190 and controls the engine 150 based 
on such target values. 

[0075] In the hybrid vehicle of Fig. 1 , the power sys- 
tem includes the engine 150, a motor 130, and another 
motor 140 that are connected in this order from the up- 
stream side. These three components of the power sys- 
tem are mechanically linked with one another via a plan- 
etary gear unit 1 20. The planetary gear unit 1 20 includes 
a sun gear 121 revolving on the center, a planetary pin- 
ion gear 124 revolving both round the sun gear 121 and 
on its axis, and a ring gear 1 22 revolving round the plan- 
etary pinion gear 124. The planetary pinion gear 124 is 
supported on a planetary carrier 123. In the hybrid ve- 
hicle of Fig. 1 , the crankshaft 1 56 is linked with the plan- 
etary carrier 1 23. The motor 1 30 has a stator 133 fixed 
to a casing and a rotor 1 32 connecting with the sun gear 
121 . The motor 140 has a stator 143 fixed to the casing 
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and a rotor 142 connecting with the ring gear 122. The 
ring gear 122 is linked with an axle 116 via a differential 
gear. 

[0076] The power system in the hybrid vehicle of this 
embodiment further includes a clutch 1 60 that connects 
and disconnects the ring gear 1 22 with and from the mo- 
tor 140. A brake 162 to constrain the rotation of the ring 
gear 1 22 is disposed upstream the clutch 1 60. The con- 
nection and disconnection of the clutch 160 and the 
brake 162 are controlled by the control unit 190. 
[0077] Each of the motors 130 and 140 is a three- 
phase synchronous motor, which includes the rotor 1 32 
or 142 with a plurality of permanent magnets attached 
to the outer circumferential face thereof and the stator 
1 33 or 1 43 with three-phase coils wound thereon to gen- 
erate a revolving magnetic field. Each of the motors 1 30 
and 140 may work as a standard motor that is driven to 
rotate by the interaction between the magnetic field gen- 
erated by the permanent magnets attached to the rotor 
132 or 142 and the magnetic field generated by the 
three-phase coils wound on the stator 1 33 or 1 43. Each 
of the motors 130 and 140 may also work as a generator 
that generates an electromotive force between both 
ends of the three-phase coils by such interaction . A sine 
wave polarized motor, in which the magnetic flux density 
between the rotor 1 32 or 1 42 and the stator 1 33 or 1 43 
has a sinusoidal distribution in the circumferential direc- 
tion, is applicable for the motors 130 and 140. A non- 
sine wave polarized motor that can output a relatively 
large torque is. however, applied for the motors 1 30 and 
140 in this embodiment. 

[0078] The stators 133 and 143 are electrically con- 
nected to a battery 1 94 via driving circuits 191 and 1 92, 
respectively. Each of the driving circuits 191 and 192 is 
constructed as a transistor inverter that includes plural 
pairs of transistors as switching elements and is electri- 
cally connected to the control unit 190. The control unit 
1 90 PWM (pulse width modulation) controls the on- and 
off-time of the respective transistors included in the driv- 
ing circuits 191 and 1 92. The PWM control makes three- 
phase alternating current flown through the three-phase 
coils of the stator 133 or 143 to generate a revolving 
magnetic field with the battery 1 94 as the power source. 
[0079] The driving conditions of the hybrid vehicle of 
this embodiment are under control of the control unit 
190. Like the EFIECU 170, the control unit 190 is con- 
structed as a one-chip microcomputer including a CPU, 
a ROM, and a RAM. The CPU carries out a variety of 
control operations discussed later, according to pro- 
grams recorded in the ROM. In order to attain such con- 
trol, a diversity of sensors and switches are electrically 
connected to the control unit 190. Some examples of 
the sensors and switches that are connected to the con- 
trol unit 1 90 include an accelerator pedal position sensor 
165 that measures the quantity of depression of an ac- 
celerator pedal, a gearshift position sensor 1 66 that de- 
tects the position of a gearshift lever, a speed sensor 
1 1 7 that measures the revolving speed of the axle 1 1 6, 



another speed sensor 118 that measures the revolving 
speed of the rotating shaft linked with the ring gear 122, 
and still another speed sensor 119 that measures the 
revolving speed of the rotating shaft linked with the plan- 
5 etary carrier 123. As mentioned above, the control unit 
190 is electrically connected to the EFIECU 170 and 
transmits various pieces of information to and from the 
EFIECU 170. The control unit 190 outputs information 
required for control of the engine 150 to the EFIECU 
10 170, thereby attaining indirect control of the engine 150. 
On the contrary, the control unit 1 90 may receive diverse 
pieces of information, for example, the revolving speed 
of the engine 150, from the EFIECU 170. 
[0080] The control unit 1 90 also controls the connec- 
ts tion and disconnection of the clutch 160 and the brake 
162. In the hybrid vehicle of this embodiment, the con- 
figuration of the power system may be changed over 
among four connection states according to the condi- 
tions of the clutch 160 and the brake 162. Fig. 2 enu- 
20 me rates these four connection states. 

[0081] The upper left drawing represents a connec- 
tion state A, in which both the clutch 1 60 and the brake 
162 are active. In this connection state, the brake 162 
constrains the rotation of the ring gear 122. In the cou- 
25 pling position of the clutch 160, the ring gear 122 is di- 
rectly linked with the axle 116. In the connection state 
A, the brake 162 accordingly constrains the rotation of 
the axle 116. This connection state is not allowed during 
a drive of the vehicle but is selectable only during a stop 
30 of the vehicle. The hybrid vehicle of this embodiment 
does not apply the connection state A. 
[0082] The upper right drawing represents a connec- 
tion state B, in which the brake 162 is active but the 
clutch 160 is inactive. As in the case of the connection 
35 state A, the brake 1 62 constrains the rotation of the ring 
gear 122 in the connection state B. The rotation of the 
axle 1 1 6 is, however, allowed since the clutch 1 60 is re- 
leased. The clutch 160 is located upstream the motor 
140, so that the motor 140 can output power to the axle 
40 116. While the brake 162 constrains the rotation of the 
ring gear 122, the sun gear 1 21 connecting with the mo- 
tor 130 and the planetary carrier 123 connecting with 
the engine 150 are rotatable in the structure of the plan- 
etary gear unit 120. In the connection state B, the motor 
45 130 can regenerate the power output from the engine 
1 50 in the form of electric power. Namely the connection 
state B where the clutch 160 is released and the brake 
162 is activated corresponds to the structure of the se- 
ries hybrid vehicle. 
so [0083] The lower left drawing represents a connection 
state C, in which the brake 1 62 is inactive but the clutch 
1 60 is active. In this state, the ring gear 1 22 is rotatable 
with the axle 116. This is equivalent to the structure of 
the parallel hybrid vehicle discussed previously with Fig. 
55 34. Namely the connection state C in the hybrid vehicle 
of this embodiment where the brake 1 62 is released and 
the clutch 160 is coupled in the hybrid vehicle of this 
embodiment corresponds to the structure of the parallel 
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hybrid vehicle. 

[0084] The lower right drawing represents a connec- 
tion state D, in which both the brake 1 62 and the clutch 
160 are inactive. In this state, the ring gear 122 is freely 
rotatable. Since the clutch 1 60 is released, the axle 1 1 6 
is rotatable and the motor 140 can output power to the 
axle 116. In this case, however, the motor 130 can not 
regenerate the power output from the engine 150. As 
described previously, the planetary gear unit has the 
mechanical characteristic that the settings of the rotat- 
ing state of two rotating shafts automatically determine 
the rotating state of a residual rotating shaft. In the con- 
nection state D, the brake 162 is inactive, so that the 
rotating state of the ring gear 122 is not specified. When 
the engine 150 outputs power and a load is applied to 
the sun gear 121 to make the motor 130 perform a re- 
generative operation, a reactive force for rotating the 
sun gear 121 against the load is not applied to the ring 
gear 122. The motor 130 can thus not carry out the re- 
generative operation. This phenomenon is described in 
detail below with the general operations of the planetary 
gear unit. 

[0085] The rotating conditions of the respective gears 
included in the planetary gear unit 120 may be ex- 
pressed by Equations (1) known in the field of mechan- 
ics and given below or may geometrically be specified 
according to a nomogram: 

Ns = (1+p)/p x Nc-Nr/p 
Nc= p/(1+p) x Ns + Nr/(1+p) 
Nr= (1+p)Nc - pNs 
Tes = Tc x p /(i+p)= pTer 

Ter = Tc/(1+p) (1) 

where p denotes the ratio of the number of teeth 
in the sun gear to the number of teeth in the ring gear, 
Ns represents the revolving speed of the sun gear, Tes 
represents the torque output to the sun gear, Nc repre- 
sents the revolving speed of the planetary carrier, Tc 
represents the torque of the planetary carrier, Nr repre- 
sents the revolving speed of the ring gear, and Ter rep- 
resents the torque output to the ring gear. 
[0086] The following describes the functions of the 
planetary gear unit 120 based on a nomogram. Fig. 3 
shows an example of the nomogram, with the revolving 
speeds of the respective gears as ordinate and the gear 
ratio of the respective gears expressed by the distance 
as abscissa. The position C of the planetary carrier 1 23 
interiorly divides the position (S) of the sun gear 121 and 



the position (R) of the ring gear 122 at a ratio of 1 to p. 
Here p represents the ratio of the number of teeth (2s) 
in the sun gear 121 to the number of teeth (Zr) in the 
ring gear 122 as specified above. The revolving speeds 

5 Ns, Ne, and Nr of the respective gears are plotted at the 
positions S, C, R, thus defined. The planetary gear unit 
120 is characterized by that the three plots are always 
aligned on a straight line. This straight line is called an 
operating collinear line. The settings of two points une- 

10 quivocally determines the operating collinear line. Using 
the operating collinear line thus determines the revolv- 
ing speed of a residual rotating shaft, based on the re- 
volving speeds of two rotating shafts among three rotat- 
ing shafts. 

15 [0087] The planetary gear unit 1 20 is also character- 
ized by that the operating collinear line is kept in a bal- 
anced state as a rigid body, when the torques applied 
to the respective rotating shafts are replaced by the forc- 
es acting on the operating collinear line. In a concrete 

20 example, it is assumed that a torque Te is applied to the 
planetary carrier 123. As shown in Fig. 3, a force having 
the magnitude corresponding to the torque Te is applied 
vertically upward at the position C on the operating col- 
linear line. The applying direction of the force depends 

25 upon the direction of the torque Te. A torque Tr output 
from the ring gear 1 22 is applied vertically upward at the 
position R on the operating collinear line. The torque Te 
is divided into two equal components of the force Tes 
and Ter, based on the distributive law of force applied 

30 on the rigid body: Tes = p/(1+p) x Te and Ter = 1/(1 +p) 
x Te. In the state of acting these forces, a torque Tm1 
to be applied on the sun gear 121 and a torque Tm2 to 
be applied to the ring gear 122 are determined by taking 
into account the condition that the operating collinear 

35 line is kept in the balanced state as the rigid body. The 
torque Tm1 is equal to the torque Tes, whereas the 
torque Tm2 is equal to the difference between the torque 
Tr and the torque Ter. 

[0088] In the connection state D of Fig. 2 where the 

40 brake 162 is inactive, the ring gear 122 is freely rotata- 
ble. In the nomogram of Fig. 3, no torque is applied at 
the position R corresponding to the ring gear 1 22. In this 
state, the operating collinear line is not kept in the bal- 
anced state as a rigid body. In the connection state D of 

45 Fig. 2, the motor 130 can thus not carry out the regen- 
erative operation. In the case where the battery 194 has 
a marginal state of charge, the motor 140 may work to 
drive the hybrid vehicle with a supply of electric power 
from the battery 1 94. 

50 [0089] In the hybrid vehicle of the embodiment, the 
applicable revolving speed of the engine 150 has a re- 
striction according to the vehicle speed, based on the 
characteristics of the planetary gear unit 1 20. For exam- 
ple, in the nomogram of Fig. 3, it is assumed that the 

55 ring gear 122 or the axle 116 is rotated at the specific 
revolving speed Nr. Namely it is assumed that the rotat- 
ing state of the ring gear 122 is expressed by a point Pr 
in the nomogram of Fig. 3. In this state, when the revolv- 
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ing speed of the engine 1 50 is equal to Ne, the operating 
collinear line is expressed by the solid line in Fig. 3 as 
described above. 

[0090] While the ring gear 122 is rotated at the point 
Pr, it is assumed that the revolving speed of the engine 
150 rises to a point Pe. In this state, the operating col- 
linear line is expressed by the broken line in Fig. 3. The 
sun gear 121 is rotated at a point Ps, which represents 
an extremely high revolving speed. 
[0091] Each gear generally has an upper limit of re- 
volving speed that is allowed without causing any dam- 
age. The point Ps may exceed the upper limit of the sun 
gear 1 21 . In this case, it is required to lower the revolving 
speed of the engine 150 to a level below the point Pe. 
In the hybrid vehicle of this embodiment, the revolving 
speed of the engine 150 has restrictions according to 
the revolving speed of the ring gear 122 as shown in 
Fig. 4. In the case of a low revolving speed of the engine 
150. there is a possibility that the sun gear 121 is re- 
versely rotated at a high speed. Not only the upper limit 
but a lower limit is accordingly set for the revolving 
speed of the engine 150. 

(2) Drive Control Process 

[0092] The following described a drive control proc- 
ess in the hybrid vehicle of the embodiment. As de- 
scribed above, the hybrid vehicle of the embodiment en- 
ables selection of a drive mode between the structure 
of the series hybrid vehicle (hereinafter this structure is 
referred to as the series mode) and the structure of the 
parallel hybrid vehicle (hereinafter this structure is re- 
ferred to as the parallel mode). The CPU in the control 
unit 190 (hereinafter simply referred to as the CPU) se- 
lects the drive mode according to the driving conditions 
of the vehicle and controls the engine 150, the motors 
130 and 140, the clutch 160, and the brake 162 in the 
selected drive mode. The CPU periodically executes a 
drive control routine to attain such control. 
[0093] Fig. 5 is a flowchart showing the drive control 
routine. When the program enters this routine, the CPU 
first carries out a drive mode selection process (step 
S100). The details of the drive mode selection process 
are shown in the flowchart of Fig. 6. 
[0094] In the drive mode selection routine, "the CPU 
first reads a diversity of parameters representing the 
driving conditions of the vehicle (step S1 02). Typical ex- 
amples of the parameter includes the gearshift position, 
the vehicle speed, the required torque, the state of 
charge in the battery, and the driving state of the engine. 
The gearshift position is detected by the gearshift posi- 
tion sensor 1 66. The vehicle speed is measured by the 
speed sensor 117 mounted on the axle. The required 
torque is calculated from the vehicle speed and the ac- 
celerator pedal position detected by the accelerator 
pedal position sensor 165. The state of charge in the 
battery is measured by a state-of-charge sensor. The 
driving state of the engine shows whether the engine 



22 

150 is currently driven or not and is obtained through 
communication with the EFIECU 170. 
[0095] The CPU sets the drive mode according to pre- 
set conditions for decision, based on the input driving 

5 conditions of the vehicle. The CPU first determines 
whether or not the current gearshift position is at a po- 
sition R or reverse position (step S104). When the cur- 
rent gearshift position is at the position R, the CPU se- 
lects the series mode (step S130). 

10 [0096] When the current gearshift position is not at the 
position R. on the other hand, it is determined whether 
the driving state defined by the vehicle speed and the 
required torque is within a series range (step S1 06). The 
series range represents a driving area in the series 

*5 mode, among all the possible combinations of torque 
and vehicle in the hybrid vehicle. An example of the set- 
tings in this embodiment is shown in Fig. 7. 
[0097] A curve LIM in Fig. 7 shows a drivable range 
of the hybrid vehicle. The hatched area represents a 

20 driving area in the parallel mode, and the residual area 
represents a driving area in the series mode. A broken 
line A shows a working curve discussed below. As clear- 
ly understood from the drawing, the series mode is se- 
lected in an area of relatively low required torque and at 

25 the time of a stop of the vehicle. The parallel mode is 
selected in an area having the vehicle speed and the 
required torque of or over preset levels. In the structure 
of this embodiment, such settings are stored in the form 
of a map in the ROM of the control unit 190. The CPU 

30 refers to this map and selects the driving area of the 
hybrid vehicle corresponding to the input combination 
of the vehicle speed and the required torque at step 
S106. When it is determined that the driving state is in 
the series range, the CPU selects the series mode as 

35 the drive mode (step S130). 

[0098] When it is determined that the driving state of 
the vehicle is out of the series range, on the other hand, 
the CPU determines whether or not the engine 150 
should start or stop (step S120). For example, when the 

40 observed state of charge in the battery 194 is equal to 
or lower than a preset level in the inactive state of the 
engine 150, it is required to activate the engine 150 and 
start the power generation by the motor 130, in order to 
charge the battery 194. When the observed state of 

45 charge in the battery 194 is equal to or higher than a 
preset level in the active state of the engine 150, on the 
contrary, it is required to inactivate the engine 150 and 
stop the power generation by the motor 130, in order to 
prevent the battery 194 from being overcharged. The 

50 CPU determines whether or not the engine 150 should 
start or stop, mainly based on the observed state of 
charge in the battery 194 and the current driving state 
of the engine 150. When the driving conditions of the 
vehicle require a start or a stop of the engine 150, the 

55 CPU selects the series mode (step S130). 

[0099] The hybrid vehicle of the engine may start or 
stop the engine 1 50 in the parallel mode. It is accordingly 
possible to set the drive mode without considering the 
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driving conditions of the vehicle that require a start or a 
stop of the engine 150. In the parallel mode, however, 
the torque output from the motor 1 30 to start or stop the 
engine 150 is also transmitted to the axle 116 via the 
ring gear 122. This may case a torque shock. In princi- 5 
pie, the motor 140 may be controlled to compensate for 
the torque shock. It is, however, substantially impossible 
to control the motor 140 according to the variation in 
torque output to the ring gear 1 22 at the time of starting 
or stopping the engine 150 and completely compensate 
for the torque shock. The procedure of this embodiment 
selects the series mode at the time of a start or a stop 
of the engine 150, so as to prevent the occurrence of 
the torque shock. 

[01 00] In the case when none of the conditions for de- 
cision discussed above is fulfilled, the CPU selects the 
parallel mode (step S122). The reason of such settings 
of the drive mode in this embodiment will be discussed 
laler. 

[0101] When the parallel mode is selected, the CPU 
determines whether or not a mode changeover is re- 
quired according to the previous drive mode (step 
S124). When the previous drive mode is the series 
mode, the CPU changes over the drive mode to the par- 
allel mode (step S126). When the previous drive mode 
is the parallel mode, this step is skipped. 
[0102] In a similar manner, when the series mode is 
selected, the CPU determines whether or not a mode 
changeover is required according to the previous drive 
mode (step S132). When the previous drive mode is the 
parallel mode, the CPU changes over the drive mode to 
the series mode (step S134). When the previous drive 
mode is the series mode, this step is skipped. 
[0103] In the configuration of this embodiment, the 
changeover between the parallel mode and the series 
mode is implemented via the connection state D shown 
in Fig. 2. For example, in the case of a changeover from 
the parallel mode (the connection state C in Fig. 2) to 
the series mode (the connection state B in Fig. 2), the 
procedure releases the clutch 160 and makes both the 
brake 162 and the clutch 160 inactive (the connection 
state D). The procedure then activates the brake 1 62 to 
attain the series mode (the connection state B). In the 
case of a changeover from the series mode (the con- 
nection state B) to the parallel mode (the connection 
state C). the procedure inactivates the brake 1 62 to the 
connection state D and couples the clutch 1 60 to attain 
the parallel mode (the connection state C). 
[0104] One available process may simultaneously 
control the on-off position of the clutch 1 60 and the brake 
1 62. There is, however, a possibility that both the clutch 
1 60 and the brake 1 62 are active (the connection state 
A) at a moment according to the control timings. The 
connection state A during a drive of the vehicle may 
cause a significant torque shock on the axle 116. The 
procedure of this embodiment accordingly implements 
the changeover via the structure D to prevent the poten- 
tial torque shock. 
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[0105] On conclusion of the drive mode selection 
process, the program returns to the drive control routine 
(Fig. 5). After setting the drive mode, the CPU carries 
out control to make a required power output from the 
axle 116. The details of the control procedure depend 
upon whether or not a start or a stop of the engine 150 
is required. The CPU accordingly determines whether 
or not the engine 150 should start or stop (step S200). 
This procedure is identical with the decision at step 
S120 in the drive mode selection routine (Fig. 6). When 
it is determined that a start or a stop of the engine 150 
is not required, the CPU carries out a torque control 
process to make the power output from the axle 11 6 in 
the general driving state (step S300). Otherwise the 
CPU carries out a start-stop control process to start or 
stop the engine 150 while ensuring output of the power 
from the axle 116 (step S400). 

[0106] The details of the torque control process are 
discussed below. Fig. 8 is a flowchart showing the de- 
tails of the torque control routine. A similar series of 
processing is carried out in both the parallel mode and 
the series mode, although different drive modes have 
different settings for the drive points of the engine 150 
and the motors 130 and 140 as discussed later. In one 
possible modification, different torque control routines 
may be provided corresponding to the different settings 
of the drive points. 

[0107] When the program enters the torque control 
routine, the CPU first sets an energy Pd to be output 
from the drive shaft or the axle 116 (step S302). The 
setting of the energy is based on the step-on amount of 
the accelerator pedal detected by the accelerator pedal 
position sensor 165. The energy Pd to be output from 
the drive shaft is expressed by the product of a target 
revolving speed Nd* and a torque Td* of the axle 116. 
The procedure sets a combination of a target revolving 
speed Nd* and a target torque Td* of the axle 116, si- 
multaneously with the setting of the energy Pd to be out- 
put from the drive shaft, although not specifically shown 
in the flowchart. 

[01 08] The CPU then sets a charge-discharge electric 
power Pb and an auxiliary machinery driving energy Ph 
(steps S304 and S206). The charge-discharge electric 
power Pb represents energy required for charging or 
discharging the battery 194, and takes a positive value 
for charging the battery 194 and a negative value for 
discharging the battery 194. The auxiliary machinery 
driving energy Ph represents electric power required for 
driving auxiliary machinery, such as an air conditioner. 
The sum of the settings of the electric power is specified 
as a required power Pe (step S308). 
[0109] In the torque control routine, the control of the 
engine 150 is carried out by taking into account the en- 
ergy balance per unit time. The term 'energy 1 in the 
specification hereof thus represents the energy per unit 
time. In this sense, the mechanical energy is synchro- 
nous with the power and the electrical energy is syn- 
chronous with the electric power in this specification. For 
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simplicity of explanation, it is assumed that no transmis- 
sion is interposed between the axle 116 and the ring 
gear 1 22. Namely the revolving speed and the torque of 
the axle 116 are equal to the revolving speed and the 
torque of the ring gear 122. 

[0110] The CPU subsequently specifies the drive 
point of the engine 150 based on the setting of the re- 
quired power Pe (step S310). Each drive point repre- 
sents a combination of a target revolving speed Ne and 
a target torque Te of the engine 150. The drive point of 
the engine 150 is specified according to a predeter- 
mined map, basically with the preference given to the 
driving efficiency of the engine 150. 
[0111] Fig. 9 shows an example of the map showing 
the driving state of the engine 150. with the revolving 
speed Ne of the engine as abscissa and the torque Te 
as ordinate. A curve B represents a limit of a drivable 
range of the engine 150. Curves ot1 to a6 show drive 
point lines with fixed driving efficiencies of the engine 
150. The driving efficiency is lowered in the order of a1 
to a6. Curves C1 to C3 represent lines having fixed pow- 
ers (revolving speed x torque) output from the engine 
150. 

[0112] As clearly seen in Fig. 9, the driving efficiency 
of the engine 150 is significantly varied according to the 
revolving speed and the torque. In the case of outputting 
a power on the curve C1 from the engine 1 50, the engine 
150 driven at a drive point (a combination of the revolv- 
ing speed and the torque) corresponding to a point A1 
in Fig. 9 has the highest driving efficiency. In a similar 
manner, in the case of outputting a power on the curve 
C2 or a power on the curve C3, the engine 1 50 drive at 
a point A2 or at a point A3 in Fig. 9 attains the highest 
driving efficiency. Selection of the drive points having 
the highest driving efficiency corresponding to each 
power to be output gives a curve A shown in Fig. 9. This 
curve A is called the working curve. This curve A is iden- 
tical with the curve A shown in Fig. 7. The working curve 
A may be set in advance by experiments or by analyses 
and stored as a map in the ROM included in the control 
unit 190. 

[01 1 3] The procedure of step S31 0 in the flowchart of 
Fig. 8 reads a drive point corresponding to the required 
power Pe from the map, so as to specify the target re- 
volving speed Ne and the target torque Te of the engine 
1 50. This method sets the drive point of the high driving 
efficiency. The procedure of setting the drive point of the 
engine 150 is common to the series mode and the par- 
allel mode. 

[0114] The CPU subsequently specifies settings for 
the target torques and the target revolving speeds of the 
motors 130 and 140 (step S312). The series mode and 
the parallel mode have different settings for these target 
revolving speeds and target torques. 
[0115] In the series mode, the motor 140 outputs all 
the required power to the axle 116. A target revolving 
speed N2 and a target torque T2 of the motor 140 ac- 
cordingly coincide with the target revolving speed Nd* 



and the target torque Td* of the axle 116. As described 
previously, the hybrid vehicle of the embodiment falls 
into the series mode when the current gearshift position 
is at the reverse position. In the series mode, the target 
5 revolving speed Nd* may correspond to the reverse di- 
rection and take a negative value. In this case, the set- 
tings of the motor 140 are coincident with the target re- 
volving speed Nd* and the target torque Td* of the axle 
116. 

10 [0116] The drive point of the motor 130 is set to make 
the driving state of the engine 1 50 satisfy the target re- 
volving speed Ne and the target torque Te specified at 
step S31 0. The procedure substitutes a value '0' into the 
revolving speed Nr of the ring gear 122 and the target 

15 revolving speed Ne and the target torque Te of the en- 
gine 1 50 into the revolving speed Nc and the torque Tc 
of the planetary carrier 123 in Equations (1) given 
above, and calculates the revolving speed Ns and the 
torque Ts of the sun gear 121 . This specifies the settings 

20 of a target revolving speed N1 and a torque T1 of the 
motor 130 as follows: 
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N1 =(1+p)/p X Ne 



T1 =Tc x p / (1+p) 



[0117] In the parallel mode, the target revolving 
30 speeds of the motors 130 and 140 are set to make the 
revolving speed Nr of the ring gear 122 coincident with 
the target revolving speed Nd* of the axle 116. The mo- 
tor 140 rotates at the same revolving speed as that of 
the axle 1 1 6. The target revolving speed Ne of the motor 
35 140 accordingly coincides with the target revolving 
speed Nd* of the axle 116. The setting of the target re- 
volving speed N1 of the motor 1 30 is specified as follows 
by substituting the target revolving speed Nd* of the axle 
1 1 6 into the revolving speed Nr of the ring gear 1 22 and 
40 the target revolving speed Ne of the engine 150 into the 
revolving speed Nc of the planetary carrier 1 23 in Equa- 
tions (1) given above: 



45 



so 
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N1 = (1+p)/p x Ne - Nd*/p 

[0118] The target torques T1 and T2 of the motors 130 
and 140 are set to make the torque output to the axle 
116 coincident with the required torque Td*. According 
to Equations (1) given above, when the torque Te is out- 
put from the engine 150, the torque Tr of the ring gear 
1 22 and the torque Ts of the sun gear 121 are specified 
as follows: 

Ts = Te x p / (1+p) 
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Tr = Te/(1+p) 

[0119] The setting of the target torque T1 of the motor 
130 is determined to apply a load corresponding to the 
torque Ts of the sun gear 1 21 , so as to enable the engine 
150 to be driven at the target drive point Te. The con- 
crete setting is T1 = -Ts. The setting of the target torque 
T2 of the motor 1 40 is determined to compensate for the 
torque transmitted from the engine 150 to the ring gear 
122 and attain the required torque Td*. The concrete 
setting is Ts = Td* - Tr. 

[0120] The above series of the processing specifies 
the settings for the drive points of the motors 130 and 
1 40. The hybrid vehicle of this embodiment may be driv- 
en in each drive mode while the engine 1 50 is at a stop. 
In such cases, the drive points of the motors 130 and 
1 40 are specified by setting the value *0' to the revolving 
speed Ne and the torque Te of the engine 150. 
[0121] The CPU actually controls the operations of 
the motors 130 and 140 and the engine 150, based on 
the settings of the target torques and target revolving 
speeds (step S314). A known series of processing to 
control the synchronous motor may be applied for the 
procedure of controlling the operations of the motors. 
This embodiment adopts the proportional integral con- 
trol. The concrete procedure measures the current re- 
volving speed of each motor and sets the target voltages 
to be applied to the respective phases, based on a de- 
viation of the observed revolving speed from the target 
revolving speed. The proportional term, the integral 
term, and the cumulative term of the deviation specify 
the voltage values to be applied. Adequate values de- 
termined, for example, experimentally are set for pro- 
portional coefficients of the respective terms. The set- 
tings of the voltages are converted into duty ratios of the 
switching in the driving circuits 1 91 and 1 92 constructed 
as the transistor inverters and are applied to the respec- 
tive motors through the PWM control. 
[0122] The CPU regulates the switching of the driving 
circuits 191 and 192 and thereby directly controls the 
operations of the motors 130 and 140 as described 
above. The EFIECU 1 70 is actually in charge of control- 
ling the operations of the engine 150. The CPU in the 
control unit 1 90 transmits information representing the 
drive point of the engine 150 to the EFIECU 170 and 
thus indirectly controls the operations of the engine 1 50. 
The hybrid vehicle of this embodiment is thus driven 
while causing the power defined by the required revolv- 
ing speed and torque to be output from the axle 116 in 
the general driving state. 

[0123] The following describes the details of the en- 
gine start-stop control process executed at step S400 
in the flowchart of Fig. 5. Fig. 10 is a flowchart showing 
the details of the start-stop control routine. When the 
program enters this routine, the CPU first sets the output 
energy Pd from the axle 116 (step S402). The setting of 
the output energy Pd follows the procedure discussed 



at steps S302 to S308 in the torque control routine (Fig. 
8). 

[0124] The CPU subsequently specifies the drive 
points of the motors 130 and 140 based on the setting 
5 of the drive shaft output energy Pd (step S404). As de- 
scribed previously in the drive mode selection routine 
(Fig. 6), the hybrid vehicle of this embodiment selects 
the series mode at the time of a start or a stop of the 
engine 150. The target revolving speed N2 and the tar- 
to get torque T2 of the motor 140 are accordingly coinci- 
dent with the target revolving speed Nd* and the target 
torque Td* of the axle 116. 

[0125] The target revolving speed N1 and the target 
torque T1 of the motor 130 are set to attain the drive 

15 point for starting or stopping the engine 1 50. At the time 
of starting the engine 150, the procedure sets the target 
torque T1 of the motor 130 to cause a torque required 
for motoring the engine 1 50 to be output to the planetary 
carrier 123. The procedure sets the target revolving 

20 speed N1 of the motor 1 30 to raise the revolving speed 
of the engine 150 according to a preset sequence for 
starting. At the time of stopping the engine 150, on the 
other hand, the procedure sets the target torque of the 
motor 1 30 to cause a torque required for braking the ro- 

25 tation of the engine 150 to be output to the planetary 
carrier 123. The procedure sets the target revolving 
speed N1 of the motor 1 30 to lower the revolving speed 
of the engine 150 according to a preset sequence for 
stopping. The settings of the target revolving speed and 

30 the target torque of the motor 1 30 may be specified by 
substituting the revolving speed and the torque for mo- 
toring into the revolving speed Nc and the torque Tc of 
the planetary carrier in Equations (1) given above. 
[0126] According to the details of the drive mode se- 

35 lection process (Fig. 6), the settings of the drive points 
may allow a start or a stop of the engine 150 in the par- 
allel mode. In such cases, a specific revolving speed set 
as the sequence for starting or stopping the engine 1 50 
may be set to the target revolving speed Ne of the en- 

40 gine 1 50. The value obtained by adding a minus sign to 
the torque to be output to the planetary carrier at the 
time of a start or a stop of the engine 150 may be set to 
the target torque Te of the engine 150. The drive points 
of the motors 1 30 and 140 can thus be specified by the 

45 same procedure as that for setting the drive points of 
the motors 130 and 140 in the parallel mode described 
above. 

[0127] The above series of the processing specifies 
the settings of the drive points at the time of a start or a 

so stop of the engine 150. The CPU actually controls the 
operations of the motors 130 and 140 and the engine 
150, based on such settings (step S406).The control of 
the motors 130 and 140 follows the method discussed 
in the torque control routine. As in the case of the torque 

55 control routine, the CPU in the control unit 1 90 indirectly 
controls the operations of the engine 150 through com- 
munication with the EFIECU 170. There is, however, a 
difference in details of the control of the engine 1 50 ex- 
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ecuted by the EFIECU 170. For example, at the time of 
starting the engine 150, the control procedure injects 
and ignites the fuel when the revolving speed of the en- 
gine 1 50 is raised to a preset level by motoring. At the 
time of stopping the engine 150, the control procedure 
prohibits the fuel injection in the engine 150. The hybrid 
vehicle of this embodiment is thus driven with starting 
or stopping the engine 150. while causing the power de- 
fined by the required revolving speed and torque to be 
output from the axle 116. 

[0128] After conclusion of either the torque control 
process or the start-stop control process, the CPU re- 
turns to the drive control routine (Fig. 5) and subse- 
quently carries out a resonance suppression control 
process (step S500). 

[0129] Fig. 11 is a flowchart showing the details of the 
resonance suppression control routine. This control 
process suppresses the torsional resonance occurring 
at a rotating shaft of the planetary gear unit 120. Since 
the resonance tends to occur at different rotating shafts 
in different drive modes, the series of the processing is 
varied according to the drive mode. 
[01 30] When the program enters this routine, the CPU 
first determines whether or not the current drive mode 
is the series mode (step S502). This is because the se- 
ries of the processing is varied according to the drive 
mode. 

[0131] In the case of the series mode, the CPU sub- 
sequently determines whether or not a rotating shaft 
connecting with the planetary carrier 1 23 (hereinafter re- 
ferred to as the planetary carrier shaft) resonates (step 
S504). The concrete procedure measures the revolving 
speed of the planetary carrier shaft with the speed sen- 
sor 119 and processes the observed value through a 
band-pass filter, so as to determine whether or not the 
revolving speed is within a resonance zone. The reso- 
nance of the planetary carrier shaft tends to occur at the 
time of starting or stopping the engine 150. 
[01 32] When it is determined that the planetary carrier 
shaft does not resonate, no further processing is re- 
quired to suppress the resonance. The program thus im- 
mediately exits from the resonance suppression control 
routine. When it is determined that the planetary carrier 
shaft resonates, on the other hand, the CPU measures 
a resonance time (step S506). Here the resonance time 
represents a time period elapsing after the revolving 
speed of the planetary carrier shaft enters the reso- 
nance zone. 

[0133] The CPU then sets the oil pressure of the brake 
162 corresponding to the observed resonance time 
(step S508). In this embodiment, the relationship be- 
tween the resonance time and the oil pressure of the 
brake 1 62 is specified in advance and stored in the ROM 
of the control unit 190. The CPU refers to the table and 
specifies the setting of the oil pressure of the brake 1 62 
at step S508. 

[01 34] Fig. 1 2 shows an example of the setting of the 
brake oil pressure in this embodiment. The setting var- 
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ies the brake oil pressure from an initial value Bi to a 
final value Bf with an elapse of the resonance time. The 
procedure of the embodiment maintains the initial value 
Bi until the resonance time reaches a time point t1 . and 
5 gradually reduces the brake oil pressure to the final val- 
ue Bf at a time point t2. 

[0135] In the series mode, the brake oil pressure is 
proportional to the torque that restricts the rotation of 
the ring gear 122. Reduction of the brake oil pressure 

10 lowers the torque restricting the ring gear 1 22 and allows 
the rotation of the ring gear 122. As clearly understood 
from Equations (1 ) given above, this reduces the torque 
output from the motor 1 30 to the planetary carrier shaft. 
The resonance of the planetary carrier shaft is caused 

15 by elastic vibrations that are ascribed to an excessively 
large torque output from the motor 130 relative to the 
force of inertia of the engine 150. The reduced torque 
from the motor 130 thus suppresses the resonance. 
[0136] From this point of view, the procedure of this 

20 embodiment reduces the brake oil pressure to a certain 
level that ensures suppression of the resonance of the 
planetary carrier shaft. The final value Bf is set to satisfy 
the following conditions. The first condition is that the 
final value Bf does not exceed a specific brake oil pres- 

25 sure Btb, which enables output of the maximum torque 
that makes the planetary carrier shaft broken by the tor- 
sional resonance, that is, the torque corresponding to 
the torsional strength of the planetary carrier shaft. In 
the example of Fig. 12, the initial value Bi exceeds this 

30 specific brake oil pressure Btb. Such setting is based on 
the fact that the planetary carrier shaft is not broken by 
the torsion at an instant when the resonance occurs. An- 
other value of not greater than the specific brake oil 
pressure Btb may, however, be set to the initial value Bi. 

35 [0137] The second condition is that the final value Bf 
does not exceed a limit value Bos, which causes no vi- 
brations of the vehicle. When the resonance occurs at 
the planetary carrier shaft, vibrations are generated on 
the whole vehicle since the power system is fixed to the 

40 vehicle. Such vibrations are reduced with a decrease in 
resonance. The limit value Bos is set in advance, for ex- 
ample, experimentally and represents an upper limit 
brake oil pressure that relieves the vibrations of the ve- 
hicle to a driver's or passengers' allowable level. 

45 [0138] The third condition is that the final value Bf is 
greater than a lower limit value Bmin, which enables a 
torque required for motoring or stopping the engine 150 
to be output to the planetary carrier shaft. The reso- 
nance of the planetary carrier shaft occurs at the time 

50 of starting or stopping the engine 1 50. The setting of the 
final value Bf of the brake oil pressure to be not lower 
than this lower limit value Bmin enables the processing 
for starting or stopping the engine 150 to be continued 
even in the course of the resonance suppression con- 

55 trol. The torque required for starting or stopping the en- 
gine 150 is relatively low. The setting of the final value 
Bf accordingly does not cause break of the planetary 
carrier shaft nor the extreme vibrations of the vehicle. 
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After setting the oil pressure of the brake 1 62 according 
to the map of Fig. 12, the CPU reduces the oil pressure 
of the brake 1 62 to the preset value (step S51 0). 
[0139] In the example of Fig. 12, the oil pressure of 
the brake 162 is decreased linearly in a time period be- 5 
tween t1 and t2. Another applicable setting may vary the 
brake oil pressure in a non-linear manner. The setting 
is not restricted to the monotonous decrease. Still an- 
other applicable setting may significantly decrease the 
brake oil pressure before keeping a slightly increased 
level. 

[0140] When it is determined at step S502 that the 
current drive mode is the parallel mode, on the other 
hand, the CPU determines whether or not a rotating 
shaft connecting with the ring gear 122 (hereinafter re- 
ferred to as the ring gear shaft) resonates (step S512). 
As in the case of the planetary carrier shaft (step S504), 
the concrete procedure measures the revolving speed 
of the ring gear shaft with the speed sensor 118 and 
processes the observed value through a band-pass filter 
for the determination of the resonance. The resonance 
of the ring gear shaft tends to occur at the time of jack 
rabbit start or abrupt braking. 

[0141] When it is determined that the ring gear shaft 
does not resonate, no further processing is required to 
suppress the resonance. The program thus immediately 
exits from the resonance suppression control routine. 
When it is determined that the ring gear shaft resonates, 
on the other hand, the CPU measures a resonance time 
(step S514). Here the resonance time represents a time 
period elapsing after the revolving speed of the ring gear 
shaft enters the resonance zone. 
[0142] The CPU then sets the oil pressure of the 
clutch 160 corresponding to the observed resonance 
time (step S516). In this embodiment, the relationship 
between the resonance time and the oil pressure of the 
clutch 1 60 is specified in advance and stored in the ROM 
of the control unit 1 90. The CPU refers to the table and 
specifies the setting of the oil pressure of the clutch 1 60 
at step S516. 

[0143] Fig. 13 shows an example of the setting of the 
clutch oil pressure in this embodiment. The setting var- 
ies the clutch oil pressure from an initial value Ci to a 
final value Cf with an elapse of the resonance time. The 
procedure of the embodiment maintains the initial value 
Ci until the resonance time reaches a time point t3, and 
gradually reduces the clutch oil pressure to the final val- 
ue Cf at a time point t4. 

[01 44] Reduction of the clutch oil pressure lowers the 
torque applied to the ring gear shaft. The resonance of 
the ring gear shaft is caused by elastic vibrations that 
are ascribed to an excessively large torque transmitted 
from the axle 116 to the ring gear shaft relative to the 
force of inertia of the engine 1 50 and the motor 1 30. The 
reduced torque transmitted from the axle 116 thus sup- 
presses the resonance of the ring gear shaft. 
[0145] From this point of view, the procedure of this 
embodiment reduces the clutch oil pressure to a certain 
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level that ensures suppression of the resonance of the 
ring gear shaft. As in the case of the brake oil pressure, 
the final value Cf is set to be not greater than a specific 
clutch oil pressure Ctb, which enables transmission of 
the maximum torque that makes the ring gear shaft bro- 
ken by the torsional resonance, that is, the torque cor- 
responding to the torsional strength of the ring gear 
shaft. The final value Cf is also set to be not less than 
another specific clutch oil pressure Cmin, which enables 
transmission of the torque that allows regenerative brak- 
ing by the motor 130. In the course of braking the vehi- 
cle, the motor 140 can carry out the regenerative oper- 
ation to recover the kinetic energy of the vehicle in the 
form of electric power. Setting the clutch oil pressure to 
be not less than Cmin allows the regenerative braking 
by the motor 130. This enhances the efficiency of recov- 
ery of the kinetic energy. After setting the oil pressure of 
the clutch 1 60 according to the map of Fig. 13, the CPU 
reduces the oil pressure of the clutch 160 to the preset 
value (step S510). 

[01 46] The resonance of the ring gear shaft occurs at 
the time of jack rabbit start or abrupt braking. Unlike the 
setting of the brake oil pressure, the setting of Fig. 13 
does not take into account an upper limit value that 
causes no vibrations of the vehicle. The setting may, 
however, take into account the upper limit value. 
[0147] In this embodiment, the series mode is select- 
ed at the time of starting or stopping the engine 1 50. The 
control of suppressing the resonance of the planetary 
carrier shaft is accordingly not carried out in the parallel 
mode. In the alternative arrangement that allows a start 
or a stop of the engine 1 50 in the parallel mode, the se- 
ries of processing at steps S504 to S510 may also be 
carried out in the parallel mode. 

[0148] By periodically executing the series of 
processing discussed above, the hybrid vehicle of the 
embodiment can be driven while converting the power 
output from the engine 150 into a desired combination 
of revolving speed and torque and causing the desired 
power to be output from the drive shaft. The above 
processing also controls a start or a stop of the engine, 
and suppresses the resonance occurring at the plane- 
tary carrier shaft or the ring gear shaft. 
[0149] The following describes the method of speci- 
fying the relationship between the driving state of the 
vehicle and the drive mode (Fig. 7). In this embodiment, 
an area of relatively low vehicle speed and low torque 
including at a stop of the vehicle (area S1 in Fig. 7) and 
a reverse area are assigned to the series mode. An area 
of high vehicle speed but relatively low torque (area S2 
in Fig. 7) is also allocated to the series mode. 
[01 50] The hybrid vehicle generally uses the power of 
the motor for a gentle start. This desirably prevents the 
engine 1 50 from being driven underthe condition of poor 
fuel consumption and ensures a smooth start of the ve- 
hicle. The hybrid vehicle of this embodiment also uses 
only the power of the motor for a start by taking advan- 
tage of these merits. I n the case of utilizing only the pow- 
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er of the motor, the connection state corresponding to 
the series mode is more easily controllable. In this em- 
bodiment, from this point of view, the driving area with 
only the power of the motor, that is, the area S1 in Fig. 
7, is allocated to the series mode. The range of this area 
may be determined, for example, according to the mag- 
nitude of the torque possibly output from the motor 140. 
[0151] Allocation of the area S1 and the reverse area 
to the series mode gives several advantages discussed 
below to the hybrid vehicle of the embodiment. The first 
advantage is found at the time of starting or stopping the 
engine 150. As the hybrid vehicle starts and acceler- 
ates, the engine 150 starts its operation to allow the hy- 
brid vehicle to utilize the power of the engine 150 for 
further driving. As described previously, the procedure 
of this embodiment selects the series mode at the time 
of starting the engine 150, in order to prevent a possible 
torque shock. Setting the area S1 to include a transient 
area from the driving area with the power of the motor 
1 40 to the driving area with the power of the engine 1 50 
ensures a start of the engine 1 50 without changing over 
the drive mode. This advantage is also found at the time 
of stopping the operation of the engine 150. 
[0152] The second advantage is found at the time of 
starting or stopping the engine 150 while the vehicle is 
at a stop. While the hybrid vehicle of the embodiment is 
at a stop, the engine 150 starts or stops its operation 
according to the state of charge in the battery 194. The 
engine 150 may be driven to cause the motor 130 to 
carry out power generation and charge the battery 1 94 
in both the series mode and the parallel mode. In the 
parallel mode, however, it is practically impossible to 
completely compensate for the torque output to the axle 
116 at the time of starting or stopping the engine 150. 
There is accordingly a possibility of torque shock. The 
driver and passengers sensitively notice the torque 
shock while the vehicle is at a stop or is driven at a very 
low speed. The procedure of this embodiment specifies 
the setting of the area S1 to select the series mode while 
the vehicle is at a stop or is driven at a very low speed. 
This arrangement effectively prevents a possible torque 
shock and improves the ride of the hybrid vehicle. 
[01 53] The following describes the reason why the ar- 
ea of high vehicle speed but relatively low torque (the 
area S2 in Fig. 7) is allocated to the series mode. The 
setting of this area is based on the driving efficiency in 
the series mode and in the parallel mode. Fig. 14 shows 
the driving efficiency in the two different drive modes. 
The graph shows a variation in driving efficiency with a 
variation in required torque at a specific vehicle speed 
V in Fig. 7, that is, a variation in driving efficiency along 
a straight line L in Fig. 7. 

[0154] As discussed previously with Figs. 34 to 36, in 
the parallel mode, the driving efficiency is high in the 
underdrive condition and is lowered, due to circulation 
of power, in the overdrive condition. In the underdrive 
condition, the vehicle is driven while converting the pow- 
er output from the engine 150 into a combination of re- 
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duced revolving speed and enhanced torque. In the 
overdrive condition, on the other hand, the vehicle is 
driven while converting the power output from the en- 
gine 150 into a combination of enhanced revolving 
5 speed and reduced torque. In the parallel mode, the 
driving efficiency is higher in an area of relatively high 
required torque and is lower in an area of or below a 
torque Ta that starts circulation of power as shown in 
Fig. 14. 

10 [0155] In the parallel mode, the restriction of the re- 
volving speed (see Fig. 4) may further lower the driving 
efficiency. Fig. 15 shows a nomogram in the overdrive 
condition. In this example, the vehicle speed or the re- 
volving speed of the ring gear 1 22 corresponds to a point 

15 Nr in Fig. 15. It is here assumed that a point A3 on the 
working curve A in Fig. 7 is set to the revolving speed 
of the engine 1 50 under the condition of a relatively low 
required torque. Based on the function of the planetary 
gear unit 120 described previously, the revolving speed 

20 of the sun gear 121 is equal to a value corresponding to 
a point Ns1 in Fig. 15. The sun gear 121 is thus rotated 
in the reverse direction at an extremely high speed. As 
mentioned previously, the planetary gear unit 120 has 
the mechanical restriction of the revolving speed. In the 

25 state of rotation shown in Fig. 15, the revolving speed 
of the sun gear 121 may exceed a limit value Nlim. 
[0156] In the hybrid vehicle of this embodiment, due 
to the restriction on the revolving speed of the planetary 
gear unit 120, the engine 150 may not be driven at any 

30 drive point on the working curve A. In the above exam- 
ple, in order to restrict the revolving speed of the sun 
gear 121 to the limit value Nlim, it is required to raise 
the revolving speed of the engine 150, for example, to 
a point A4. Namely the engine 150 should be driven at 

35 the point A4 shown in Fig. 7. Driving the engine 150 at 
a drive point apart from the working curve A lowers the 
driving efficiency. Because of this reason, the driving ef- 
ficiency in the parallel mode is further lowered in an area 
of or below a required torque Tb as shown in Fig. 14. 

40 [0157] In the series mode, on the other hand, there is 
no decrease in driving efficiency, due to the circulation 
of power or the restriction on the revolving speed of the 
planetary gear unit 120. The series mode thus gives a 
relatively stable curve of driving efficiency, irrespective 

*5 of the variation in required torque as shown in Fig. 14. 
In the series mode, however, there is a greater loss in 
the process of conversion of all the power output from 
the engine 1 50 into electric power. The maximum driving 
efficiency in the series mode is accordingly lower than 

so that in the parallel mode. 

[01 58] The procedure of this embodiment selects the 
drive mode of the higher driving efficiency between the 
parallel mode and the series mode, based on the pre- 
determined settings of the driving efficiency in the par- 

55 allei mode and in the series mode according to the re- 
lationship between the required torque and the vehicle 
speed. In the example of Fig. 14, the hybrid vehicle of 
this embodiment selects the parallel mode in an area of 
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or over a required torque Tc, while selecting the series 
mode in a residual area below the required torque Tc. 
In the map of Fig. 7, the area of lower required torque 
than the working curve A is allocated to the series mode, 
but this relationship is not absolute. A certain hysteresis 
is naturally set to prevent undesirably frequent change- 
overs between the parallel mode and the series mode. 
[0159] The hybrid vehicle of this embodiment dis- 
cussed above selectively uses the parallel mode and the 
series mode according to the driving state of the vehicle, 
thus ensuring an efficient drive that takes advantage of 
the characteristics of these two drive modes. This ar- 
rangement enhances the driving efficiency of the hybrid 
vehicle and improves the ride. 

[0160] These advantages are discussed more in de- 
tail. As described previously with Figs. 14 and 7, the hy- 
brid vehicle of this embodiment selects the drive mode 
of the higher driving efficiency between the parallel 
mode and the series mode according to the vehicle 
speed and the required torque. Compared with the prior 
art hybrid vehicle having the fixed structure correspond- 
ing to either the parallel mode or the series mode, the 
hybrid vehicle of the embodiment has the enhanced 
driving efficiency, regardless of the driving state of the 
vehicle. 

[0161] As described previously in the drive mode se- 
lection process of Fig. 6, the hybrid vehicle of the em- 
bodiment selects the series mode at the time of starting 
or stopping the engine 150. This arrangement starts or 
stops the engine 1 50 with substantially no torque shock, 
thus significantly improving the ride. 
[0162] As shown in Fig. 7, the hybrid vehicle of the 
embodiment selects the series mode while the vehicle 
is at a stop or is driven at a very low speed. This arrange- 
ment effectively prevents a possible torque shock at the 
time of starting or stopping the engine 1 50 in this driving 
state, and enables a shift from the driving state with only 
the power of the motor 140 to the driving state with the 
power of the motor 150 without changing over the drive 
mode. The hybrid vehicle of this embodiment thus en- 
sures a smooth shift of the driving state. 
[0163] As described previously in the drive mode se- 
lection process (Fig. 6), the hybrid vehicle of the embod- 
iment selects the series mode for a reverse drive. When 
the hybrid vehicle goes back in the active state of the 
engine 150, there is no necessity of compensating for 
the torque output from the engine 150, and a sufficient 
torque in the reverse direction can be output from the 
motor 140. This arrangement readily controls the motor 
140 regardless of the driving conditions of the engine 
150, thus ensuring a smooth reverse drive. Another ad- 
vantage is to facilitate the whole control procedure and 
thus relieve the loading to the control unit 190. 
[01 64] The hybrid vehicle of the embodiment controls 
the oil pressures of the clutch 160 and the brake 162 
and thereby suppresses the resonance occurring at the 
rotating shafts of the planetary gear 120. This arrange- 
ment effectively prevents potential vibrations of the ve- 
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hide due to such resonance and thus significantly im- 
proves the ride. This arrangement also prevents untime- 
ly abrasion or damage of the planetary gear unit 120 
and extends the life of the planetary gear unit 120. 

5 [0165] The hybrid vehicle of the embodiment exerts 
the diversity of effects mentioned above, but the control 
procedures discussed in the embodiment are only illus- 
trative. For example, the relationship between the driv- 
ing state of the vehicle and the drive mode is not restrict- 

w ed to the setting shown in Fig. 7, but may be modified 
adequately. One possible modification selects the par- 
allel mode while the hybrid vehicle is at a stop, is driven 
at a very low speed, or goes back. This modified proce- 
dure may change over the drive mode to the series 

15 mode and start the engine 150 when it is determined 
that the battery 194 requires charging based on the ob- 
served state of charge in the battery 194. 
[0166] The above embodiment utilizes the planetary 
gear unit 120 and the motor 130 for the mechanism of 

20 distributing the output power of the engine 1 50 into me- 
chanical power and electric power. There are a diversity 
of other structures applicable for the power distribution 
mechanism. 

[0167] Fig. 16 schematically illustrates the structure 

25 of a hybrid vehicle in a modified example of the first em- 
bodiment. In the hybrid vehicle of the modified example, 
the power system includes the engine 1 50, a clutch mo- 
tor 230, and a motor 140A. The clutch motor 230 is a 
pair-rotor motor where an inner rotor 232 and an outer 

30 rotor 233 are relatively rotatable to each other around a 
coax. The inner rotor 232 of the clutch motor 230 is 
linked with the crankshaft 1 56 of the engine 1 50 : where- 
as the outer rotor 233 is linked with the axle 116. Like 
the structure of the first embodiment (Fig. 1), the motor 

35 1 40A is connected to the axle 1 1 6. 

[0168] The clutch motor 230 is a synchronous motor 
generator of the pair-rotor type and includes the inner 
rotor 232 with a plurality of pe ;manent magnets attached 
to the outer circumferential face thereof and the outer 

40 rotor 233 with three-phase coils wound thereon to gen- 
erate a revolving magnetic field. Tha clutch motor 230 
may work as a standard motor where the inner rotor 232 
. and the outer rotor 233 are rotated relative to each other 
by the interaction between the magnetic field generated 

45 by the permanent magnets attached to the inner rotor 
232 and the magnetic field generated by the three- 
phase coils wound on the outer rotor 233. The clutch 
motor 230 may also work as a generator that generates 
an electromotive force between both ends of the three- 

50 phase coils wound on the outer rotor 233 by such inter- 
action. Electric power is input to and output from the 
three-phase coils via a slip ring. 

[0169] In the clutch motor 230, since the inner rotor 
232 and the outer rotor 233 are rotatable relative to each 
55 other, the power input from one of the inner rotor 232 
and the outer rotor 233 may be transmitted to the other. 
When the clutch motor 230 works as the motor and car- 
ries out the power operation, the power with the addi- 
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tional torque is transmitted to the other shaft. When the 
clutch motor 230 works as the generator and carries out 
the regenerative operation, on the other hand, part of 
the power is taken out in the form of electric power while 
the residual power is transmitted. No power is transmit- 
ted when the clutch motor 230 carries out neither the 
power operation nor the regenerative operation. This 
state corresponds to the released position of a mechan- 
ical clutch. 

[01 70] Like the structure of the first embodiment (Fig. 
1), the hybrid vehicle of the modified example has a 
clutch 160A located between the clutch motor 230 and 
the motor 140A, as well as a brake 162 A disposed up- 
stream the clutch 160A. The hybrid vehicle of the mod- 
ified example may change over the connection state ac- 
cording to the conditions of the clutch 160A and the 
brake 162A. 

[01 71 ] Fig. 1 7 enumerates possible connection states 
in the hybrid vehicle of the modified example. The upper 
left drawing represents a connection state A1 , in which 
both the clutch 1 60A and the brake 1 62A are active. This 
connection state corresponds to the connection state A 
in the first embodiment (see Fig. 2). In this connection 
state, the brake 1 62A constrains the rotation of the outer 
rotor 233. In the coupling position of the clutch 160A, 
the outer rotor 233 is directly linked with the axle 116. In 
the connection state A1, the brake 162A accordingly 
constrains the rotation of the axle 116. 
[0172] The upper right drawing represents a connec- 
tion state B1 , in which the brake 162A is active but the 
clutch 160A is inactive. This connection state corre- 
sponds to the connection state B in the first embodiment 
(Fig. 2). As in the case of the connection state A1 , the 
brake 162A constrains the rotation of outer rotor 233 in 
the connection state B1 . The rotation of the axle 116 is, 
however, allowed since the clutch 1 60A is released. The 
clutch 1 60A is located upstream the motor 1 40A, so that 
the motor 140A can output power to the axle 116. While 
the brake 162A constrains the rotation of the outer rotor 
233, the engine 150 is drivable by the function of the 
clutch motor 230. In the connection state B1 , the clutch 
motor 230 can regenerate the power output from the en- 
gine 150 in the for™ of electric power. Namely the con- 
nection state B1 corresponds to the structure of the se- 
ries hybrid vehicle. 

[01 73] The lower left drawing represents a connection 
state C1, in which the brake 162A is inactive but the 
clutch 1 60A is active. This connection state corresponds 
to the connection state C in the first embodiment (Fig. 
2). In this state, the outer rotor 233 is rotatable with the 
axle 1 1 6. In the clutch motor 230, the power output from 
the engine 150 is partly transmitted to the outer rotor 
233, while the residual power is regenerated in the form 
of electric power. The regenerated electric power is 
used, for example, to drive the motor 140A. Namely the 
connection state C1 corresponds to the structure of the 
parallel hybrid vehicle. 

[0174] The following describes procedures of con- 



verting the power output from the engine 150 and out- 
putting the converted power to the axle 116 in the con- 
nection state C1 . The discussion first regards the under- 
drive condition, in which the power output from the en- 

5 gine 1 50 is converted into a combination of reduced re- 
volving speed and enhanced torque. As clearly under- 
stood from the conditions in the connection state C1 , the 
revolving speed of the axle 116 is identical with the re- 
volving speed of the outer rotor 233. in the underdrive 

10 condition, the outer rotor 233 of the clutch motor 230 is 
thus driven at a lower revolving speed than that of the 
inner rotor 232. This corresponds to the state in which 
the clutch motor 230 is rotated in reverse of the direction 
of the torque transmitted from the inner rotor 232 to the 

is outer rotor 233. The dutch motor 230 accordingly re- 
generates the electric power corresponding to the slip 
between the inner rotor 232 and the outer rotor 233. 
[0175] Based on the principle of action and reaction, 
the torque of the inner rotor 232 is equal to the torque 

20 of the outer rotor 233. The torque transmitted to the out- 
er rotor 233 of the clutch motor 230 is equal to the torque 
of the engine 150. In the underdrive condition, the re- 
quired torque is greater than the torque output from the 
engine 150. The motor 1 40A accordingly carries out the 

25 power operation with a supply of electric power, so as 
to output a torque corresponding to the difference be- 
tween the required torque and the output torque of the 
engine 150. The supply of electric power is mainly ob- 
tained by the regenerative operation of the clutch motor 

30 230. As in the hybrid vehicle of the first embodiment, in 
the underdrive condition, the electric power obtained by 
regenerating part of the power output from the engine 
150 is supplied from the upstream clutch motor 230 to 
the downstream motor 1 40 A. I n the hybrid vehicle of this 

35 modified example, no circulation of power thus occurs 
in the underdrive condition. 

[0176] The discussion then regards the overdrive 
condition,, in which the power output from the engine 
1 50 is converted into a combination of enhanced revolv- 

40 ing speed and reduced torque. In the overdrive condi- 
tion, the outer rotor 233 of the clutch motor 230 is driven 
at a higher revolving speed than that of the inner rotor 
232. This corresponds to the state in which the clutch 
motor 230 is rotated in the direction of the torque trans- 

45 mitted from the inner rotor 232 to the outer rotor 233. 
The clutch motor 230 accordingly carries out the power 
operation with a supply of the electric power corre- 
sponding to the slip between the inner rotor 232 and the 
outer rotor 233. 

so [0177] In the overdrive condition, the required torque 
is less than the torque output from the engine 150, so 
that loading is applied by the motor 140A to reduce the 
torque output to the axle 116. Namely the motor 140A 
carries out the regenerative operation to regenerate 

55 electric power. The regenerated electric power is mainly 
used for the power operation of the clutch motor 230. 
As in the hybrid vehicle of the first embodiment, in the 
overdrive condition, part of the power output from the 
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engine 150 is regenerated by the downstream motor 
140A and is supplied to the upstream clutch motor 230. 
In the hybrid vehicle of this modified example, a circu- 
lation of power accordingly occurs to lower the driving 
efficiency in the overdrive condition. 5 
[0178] The lower right drawing represents a connec- 
tion state D1, in which both the brake 162A and the 
clutch 160A are inactive. This connection state corre- 
sponds to the connection state D in the first embodiment 
(Fig. 2). In this state, the outer rotor 233 is freely rotat- io 
able. Since the clutch 160A is released, the axle 116 is 
also rotatable. In this case, however, the clutch motor 
230 can not regenerate the power output from the en- 
gine 150. The relative slip between the inner rotor 232 
and the outer rotor 233 is required for regeneration of '5 
the electric power. In the connection state D1 , since the 
outer rotor 233 is freely rotatable, no sufficient slip is 
produced between the two rotors. In the case where the 
battery 1 94 has a marginal state of charge, the motor 
1 40A may work to drive the hybrid vehicle with a supply 20 
of electric power from the battery 1 94. 
[0179] The connection states A1 to D1 in the hybrid 
vehicle of the modified example are respectively equiv- 
alent to the connection states A to D in the hybrid vehicle 
of the first embodiment and have the similar character- 2s 
istics : for example, regarding the driving efficiency. The 
procedures of the first embodiment are applicable to this 
modified example by adequately modifying the relation- 
ship between the drive mode and the driving state of the 
vehicle (Fig. 7) according to the structure of the hybrid 30 
vehicle of the modified example. Like the first embodi- 
ment, the hybrid vehicle of the modified example attains 
the drive taking advantage of the characteristics of the 
parallel mode and the series mode and thus ensures the 
enhanced driving efficiency and the improved ride. 35 

(3) Second Embodiment 

[01 80] A hybrid vehicle in a second embodiment of the 
present invention is discussed below. Fig. 1 8 schemat- *o 
ically illustrates the structure of a hybrid vehicle in the 
second embodiment. In the hybrid vehicle of this em- 
bodiment, the power system includes the engine 150, a 
motor 1 30B, and another motor 1 40B that are connect- 
ed in this order from the upstream side. Like the first *s 
embodiment, these three components of the power sys- 
tem are mechanically linked with one another via a plan- 
etary gear unit 120A, and a first clutch 160 is disposed 
between the planetary gear unit 1208 and the motor 
140B. 50 
[0181] The difference from the first embodiment is 
that the second embodiment uses a second clutch 161 
in place of the brake 162 of the first embodiment. The 
second clutch 1 61 connects and disconnects a ring gear 
1 22B with and from a planetary carrier 1 23B in the plan- 55 
etary gear unit 120B. The control unit 190 controls the 
connection and disconnection of the second clutch 1 61 . 
The hybrid vehicle of the second embodiment has a di- 
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versity of sensors that are equivalent to those of the first 
embodiment, although they are omitted from the illus- 
tration of Fig. 1 8 for simplicity of the illustration. 
[0182] In the hybrid vehicle of the second embodi- 
ment, the configuration of the power system may be 
changed over among four connection states according 
to the conditions of the first clutch 160 and the second 
clutch 161. Fig. 19 enumerates possible connection 
states in the hybrid vehicle of the second embodiment. 
[0183] The upper left drawing represents a connec- 
tion state A2, in which both the first clutch 160 and the 
second clutch 161 are active. In this connection state, 
the function of the second clutch 161 makes the ring 
gear 122B rotate integrally with the planetary carrier 
123B. As clearly understood from the state of the nom- 
ogram, when the ring gear 122B and the planetary car- 
rier 123B rotate integrally with each other, the motor 
130B is also rotated at the same revolving speed. In the 
coupled position of the first clutch 160, the ring gear 
1 22B is directly linked with the axle 1 1 6. The connection 
state A2 accordingly corresponds to a specific state, in 
which all the engine 150, the motor 130B, the motor 
140B, and the axle 116 are directly connected with one 
another. This drive mode is hereinafter referred to as the 
direct connection mode. This connection state is not 
found in the first embodiment and is characteristic of the 
second embodiment. 

[0184] The upper right drawing represents a connec- 
tion state B2, in which the second clutch 161 is active 
but the first clutch 160 is inactive. As in the case of the 
connection state A2 ( the function of the second clutch 
161 makes the ring gear 122B rotate integrally with the 
planetary carrier 1 23B, and the motor 1 30B is rotated at 
the same revolving speed. The motor 130B is thus di- 
rectly linked with the engine 150, while the motor 140B 
can output power to the axle 116. Namely the connec- 
tion state B2 corresponds to the structure of the series 
hybrid vehicle. 

[01 85] The lower left drawing represents a connection 
state C2, in which the second clutch 161 is inactive but 
the first clutch 1 60 is active. In this state, the three gears 
in the planetary gear unit 120B are rotatable based on 
the nomogram, and the ring gear 122B is rotatable with 
the axle 116. This is equivalent to the structure of the 
parallel hybrid vehicle discussed previously with Fig. 34. 
Namely the connection state C2 corresponds to the 
structure of the parallel hybrid vehicle. 
[0186] The lower right drawing represents a connec- 
tion state D2, in which both the second clutch 161 and 
the first clutch 161 are inactive. In this state, the three 
gears in the planetary gear unit 120B are rotatable 
based on the nomogram, and the motor 1 40B can output 
power to the axle 116. In this case, however, the motor 
130B can not regenerate the power output from the en- 
gine 150. No regenerative operation of the motor 130 is 
ascribed to the fact that the rotating state of the ring gear 
1 22B is not specified in the released position of the sec- 
ond clutch 161. 
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[01 87] The following describes a drive control routine 
executed in the hybrid vehicle of the second embodi- 
ment. The general flow of the drive control routine is 
equivalent to that of the first embodiment (see Fig. 5). 
The CPU of the control unit 1 90 first carries out the drive 
mode selection process (step S100), and subsequently 
performs the start-stop control process (step S400) in 
the case of requirement for a start or a stop of the engine 
150 (step S200) and otherwise the standard torque con- 
trol process (step S300). The CPU then carries out the 
resonance suppression control process (step S500). 
The hybrid vehicle of the second embodiment is driven 
while iteratively executing this series of processing. 
[0188] The second embodiment has different details 
of the drive mode selection process from those of the 
first embodiment (see Fig. 6). Fig. 20 is a flowchart 
showing the difference from the first embodiment. As 
discussed above in the drive mode selection process of 
the first embodiment, when the program enters the rou- 
tine, the CPU reads the required data representing the 
driving state of the vehicle (step S1 02 in Fig. 6) and de- 
termines selection or non-selection of the series mode, 
based on the conditions of whether or not the gearshift 
position is at the position R (step S104) and whether or 
not the driving state is in the series range (step S1 06). 
The decision is based on the preset table as discussed 
in the first embodiment. 

[0189] In the procedure of the second embodiment, 
when the series mode is not selected based on the 
above conditions, the CPU determines whether or not 
the driving state is in a direct connection range and 
whether or not the observed state of charge SOC in the 
battery 1 94 is greater than a preset level Slim (step S11 0 
in Fig. 20). In the case where these conditions are sat- 
isfied, the CPU selects the direct connection mode (step 
S 1 1 2) and changes over the drive mode from the previ- 
ous drive mode to the direct connection mode if neces- 
sary (steps S114 and S116). When neither the series 
mode nor the direct connection mode is selected based 
on the results of the decision, as in the case of the first 
embodiment, the CPU determines whether or not a start 
or a stop of the engine 1 50 is required according to the 
observed state of charge in the battery 194 (step S120 
in Fig. 6) and selects the parallel mode in the case of no 
requirement for a start or a stop of the engine 1 50 (steps 
S 122 to S126). The CPU selects the series mode in the 
case of requirement for a start or a stop of the engine 
150 (steps S130 to S134). 

[01 90] Like the first embodiment, the decision regard- 
ing the series range (step S1 06 in Fig. 6) and the direct 
connection range (step S1 10 in Fig. 20) is based on the 
table representing the relationship between the drive 
mode and the driving state of the vehicle. Fig. 21 shows 
an example of this table used in the second embodi- 
ment. Cross-hatched areas DC1 and DC2 show the di- 
rect connection range. The hatched area represents a 
driving area in the parallel mode, whereas the residual 
area represents a driving area in the series mode. The 



driving area in the series mode in the second embodi- 
ment is identical with that of the first embodiment. 
[0191] The setting of the direct connection range is 
specified to take advantage of the characteristics of the 
5 direct connection mode (the connection state A1)shown 
in Fig. 1 9. In the connection state A1 , all the engine 1 50, 
the motor 130B, and the motor 140B are directly linked 
with the axle. The torque in the direct connection mode 
is accordingly output from these three power sources 
10 and is greater than the output torque in the parallel 
mode. In the direct connection mode, the power output 
from the engine 150 may directly be output to the axle 
116 without actuation of the motors 130B and 140B. In 
this case, there is accordingly no loss due to the oper- 
15 ations of the motors 1 30B and 1 40B. When the required 
power of the axle 116 is coincident with a drive point on 
the working curve, the hybrid vehicle in the direct con- 
nection mode is driven with an extremely high driving 
efficiency. The technique of the second embodiment 
20 takes advantage of such characteristics of the direct 
connection mode and selects the direct connection 
mode in the area DC1 of very large torque and in the 
area DC2 of relatively large torque in the vicinity of the 
working curve A. 
25 [0192] In the direct connection mode, both the motors 
130B and 140B carry out the power operation. It is ac- 
cordingly desirable that the battery 1 94 has a sufficiently 
marginal state of charge. The procedure of the second 
embodiment thus selects the direct connection mode 
30 only when the driving state is in the direct connection 
range and the observed state of charge SOC in the bat- 
tery 1 94 is greater than the preset level Slim. The preset 
value Slim is determined in advance as the sufficient 
state of charge to allow the power operation of the mo- 
35 tors 130B and 140B. 

[0193] In the second embodiment, the changeover 
between the parallel mode and the series mode is im- 
plemented via two different p athways. The first pathway 
is equivalent to the pathway in the first embodiment dis- 
40 cussed above. The first pathway attains the changeover 
between the parallel mode and the oeries mode via the 
connection state D2 in which both the first clutch 160 
. and the second clutch 162 are inactive. The second 
pathway attains the changeover between the parallel 
45 mode and the series mode via the connection state A2 
in which both the first clutch 1 60 and the t-econd clutch 
162 are active. For example, the former pathway is ap- 
plied for a changeover between the parallel mode and 
the series mode along a route Ps1 in Fig. 21 . The latter 
so pathway is applied for a changeover between the par- 
allel mode and the series mode along another routine 
Ps2 in Fig. 21. 

[0194] After the selection of the drive mode by the 
above series of processing, the CPU carries out either 
55 the torque control process (step S300 in Fig. 6) or the 
start-stop control process (step S400) like the first em- 
bodiment. The details of the respective routines are sim- 
ilar to those discussed in the first embodiment (see Figs. 
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6 and 1 0), except the settings for the drive points of the 
motors 130B and 140B. 

[0195] The configuration in the parallel mode of the 
second embodiment (the connection state C1 in Fig. 1 9) 
is equivalent to the configuration in the parallel mode of 
the first embodiment (the connection state C in Fig. 2). 
The settings for the drive points of the motors 1 30B and 
140B are thus identical with those of the first embodi- 
ment in both the torque control process (Fig. 6) and the 
start-stop control process (Fig. 10). 
[0196] The configuration in the series mode of the 
second embodiment is similar to the configuration in the 
series mode of the first embodiment, except some dif- 
ference. In the first embodiment, the engine 1 50 and the 
motor 130 are driven at different revolving speeds cor- 
responding to the gear ratio in the planetary gear unit 
120. In the second embodiment, however, the motor 
1 30B is driven at the same revolving speed as that of 
the engine 150. The procedure of the second embodi- 
ment accordingly sets the target revolving speed N 1 and 
the target torque T1 of the motor 1 30B equal to the target 
revolving speed Ne and the target torque Te of the en- 
gine 150 in the series mode. 

[01 97] The different method from that of the first em- 
bodiment is adopted to specify the setting for the drive 
point of the engine 150 in the direct connection mode. 
As described above, the revolving speed of the engine 
1 50 is equal to the revolving speed of the axle 1 1 6 in the 
direct connection mode. A drive point on the working 
curve A where the revolving speed of the engine 150 is 
identical with the revolving speed of the axle 116 is se- 
lected for the drive point of the engine 1 50 in the direct 
connection mode. In the case where the output torque 
of the engine 150 driven at the selected drive point co- 
incides with the required torque, the hybrid vehicle of 
the second embodiment is driven while setting the value 
'0' to the target torques of the motors 130B and 140B, 
that is, while keeping the motors 130B and 140B at an 
idle. In the direct connection mode, the target revolving 
speed N1 and N2 of the motors 1 30B and 1 40B are iden- 
tical with the revolving speed of the axle 116. 
[01 98] In the case where the output of the engine 1 50 
is less than the required torque, the settings for the drive 
points of the motors 130B and 140B are specified to 
compensate for the insufficiency of the torque. The set- 
tings for the target torques T1 and T2 of the motors 1 30B 
and 140B are accordingly determined, such that the 
sum of the target torques T1 and T2 is equal to the in- 
sufficiency or the difference between the required 
torque and the output torque of the engine 150. The dis- 
tribution of the torque into the motors 1 30B and 1 40B is 
specified by taking into account the driving efficiencies 
of these motors. The procedure of the second embodi- 
ment distributes the insufficient torque at the ratio of the 
rated outputs of the motors 130B and 140B and deter- 
mines the settings of the target torques T1 and T2. 
When the motors 1 30B and 1 40B have an identical rated 
output, the target torque of each motor is half the insuf- 
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ficient torque. 

[0199] A variety of other settings may be applied for 
the distribution of the torque into the motors 130B and 
140B in the direct connection mode. One modified pro- 

5 cedure uses only the motor 140B to output the torque 
in the case of a relatively small insufficiency of the 
torque, while starting the power operation of the motor 
130B in the case of a large insufficiency of the torque 
that can not be compensated only by the motor 140B. 

w [0200] The hybrid vehicle of the second embodiment 
carries out the above series of processing and is driven 
while outputting the power defined by the required re- 
volving speed and torque. As in the case of the first em- 
bodiment, the CPU carries out the resonance suppres- 

15 sion control process (step S500 in Fig. 7), subsequent 
to the above control processes. 

[0201 ] The resonance suppression control process of 
the second embodiment is similar to that of the first em- 
bodiment (see Fig. 11), except some difference. The 

20 procedure of the first embodiment reduces the oil pres- 
sure of the brake 1 62 when the resonance occurs in the 
series mode. The procedure of the second embodiment 
reduces the oil pressure of the second clutch 161, in- 
stead of the oil pressure of the brake 1 62. Replacement 

25 of the brake oil pressure with the second clutch oil pres- 
sure at steps S508 and S51 0 in the resonance suppres- 
sion control process of the first embodiment (Fig. 11) 
attains the resonance suppression control of the second 
embodiment in the series mode. The setting for the oil 

30 pressure of the second clutch 161 is specified in ad- 
vance in the form of a table, which is equivalent to the 
table of the brake oil pressure in the first embodiment 
(see Fig. 12). This table is provided, based on the ideas 
discussed in the first embodiment. 

35 [0202] The procedure of the first embodiment reduces 
the oil pressure of the clutch 160 when the resonance 
occurs at the ring gear shaft in the parallel mode. In the 
same manner as the first embodiment, the procedure of 
the second embodiment reduces the oil pressure of the 

40 first clutch 1 60 when the resonance occurs in the paral- 
lel mode. The setting for the oil pressure of the first 
clutch 1 60 is specified in advance in the ' form of a table, 
which is equivalent to the table of the first embodiment 
(see Fig. 13). The procedure of the second embodiment 

45 executes the same series of processing in the direct 
connection mode as well as in the parallel mode. Name- 
ly the oil pressure of the first clutch 1 60 is reduced when 
the resonance occurs at the ring gear shaft in the direct 
connection mode. The procedure of the second embod- 

50 iment executes the processing of steps S512 to S518 
in the resonance suppression control routine of the first 
embodiment (Fig. 1 1 ), so as to attain the resonance sup- 
pression control in both the parallel mode and the direct 
connection mode. 

55 [0203] Like the first embodiment, the hybrid vehicle of 
the second embodiment discussed above selectively 
uses the parallel mode and the series mode according 
to the driving state of the vehicle, thus ensuring an effi- 
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cient drive that takes advantage of the characteristics of 
these two drive modes. This arrangement enhances the 
driving efficiency of the hybrid vehicle and significantly 
improves the ride. 

[0204] The structure of the second embodiment also 5 
takes the direct connection mode to exert the further ef- 
fects. In the direct connection mode, the torque may be 
output from all the engine 1 50 and the motors 1 30B and 
140B and thus be greater than the output torque in the 
structure of the first embodiment. This extends the driv- 
able area of the hybrid vehicle. In the direct connection 
mode, the hybrid vehicle may be driven with only the 
output power of the engine 150, though under relatively 
restricted conditions. In this driving state, no electric 
power is consumed by the motors 130B and 140B, and 
no conversion of the power output from the engine 150 
into electric power is required. There is accordingly no 
loss due to the conversion. The hybrid vehicle is thus 
driven al an extremely high driving efficiency in this driv- 
ing state. 

(4) Third Embodiment 

[0205] A hybrid vehicle in a third embodiment of the 
present invention is discussed below. Fig. 22 schemat- 
ically illustrates the structure of a hybrid vehicle in the 
third embodiment. In the hybrid vehicle of this embodi- 
ment, the power system includes the engine 1 50, a mo- 
tor 140C, and another motor 130C that are connected 
in this order from the upstream side. While there is no 
motor directly linked with the crankshaft 156 of the en- 
gine 150 in the first and the second embodiments, the 
motor 140C is directly linked with the crankshaft 156 in 
the third embodiment. 

[0206] In the structure of the third embodiment, a 
planetary carrier 123C in a planetary gear unit 120C 
connects with the crankshaft 156 of the engine 150, a 
sun gear 1 21 C connects with the motor 1 30C, and a ring 
gear 122C connects with the axle 116. A clutch 160C is 
provided between the motor 140C and the planetary 
gear unit 120C. A brake 162C that constrains the rota- 
tion of the planetary carrier 123C is disposed down- 
stream the clutch 160C. Like the first embodiment, the 
control unit 1 90 controls the connection and disconnec- 
tion of the clutch 160C and the brake 162C. The hybrid 
vehicle of the third embodiment has a diversity of sen- 
sors that are equivalent to those of the first embodiment, 
although they are omitted from the illustration of Fig. 22 
for simplicity of the illustration. 

[0207] In the hybrid vehicle of the third embodiment, 
the configuration of the power system may be changed 
over among four connection states according to the con- 
ditions of the clutch 160C and the brake 162C. Fig. 23 
enumerates possible connection states in the hybrid ve- 
hicle of the third embodiment. 

[0208] The upper left drawing represents a connec- 
tion state A3, in which both the clutch 160C and the 
brake 162C are active. In this connection state, the 



brake 1 62C constrains the rotation of the planetary car- 
rier 123C. In the coupling position of the clutch 160C, 
the planetary carrier 123C is directly linked with the 
crankshaft 156. In the connection state A3, the brake 
162C accordingly constrains the rotation of the crank- 
shaft 156. While the rotation of the planetary carrier 
123C is constrained, the sun gear 121 C and the ring 
gear 122C are rotatable. The hybrid vehicle in the con- 
nection state A3 is not allowed to utilize the power output 
from the engine 1 50 but can be driven with the power of 
the motor 130C. 

[0209] The upper right drawing represents a connec- 
tion state B3, in which the brake 162C is active but the 
clutch 1 60C is inactive. As in the case of the connection 
state A3, the brake 162C constrains the rotation of the 
planetary carrier 1 23C while the sun gear 1 21 C and the 
ring gear 122C are rotatable in the connection state B3. 
The hybrid vehicle in this connection state can thus be 
driven with the power of the motor 130. In the released 
position of the clutch 1 60C, the engine 1 50 and the mo- 
tor 140C are freely rotatable. The motor 140C can thus 
perform the power generation with the output power of 
the engine 150. Namely the connection state B3 corre- 
sponds to the structure of the series hybrid vehicle. This 
connection state is hereinafter referred to as the series 
mode. 

[0210] The lower left drawing represents a connection 
state C3, in which the brake 162C is inactive but the 
clutch 160C is active. This is equivalent to the structure 
of the parallel hybrid vehicle discussed previously with 
Fig. 37. Namely the connection state C3 in the hybrid 
vehicle of the third embodiment where the brake 162C 
is released and the clutch 1 60C is coupled corresponds 
to the structure of the parallel hybrid vehicle. This con- 
nection state is hereinafter referred to as the parallel 
mode. 

[0211] The lower right drawing represents a connec- 
tion state D3, in which both the brake 162C and the 
clutch 160C are inactive. In this state, all the gears in 
the planetary gear unit 120C are freely rotatable, and 
the motor 140C can regenerate the power output from 
the engine 150. In this connection state, however, the 
rotating state of the planetary carrier 123C is not con- 
strained at all, so that no power can be output from the 
motor 130C to the axle 116. The connection state D3 is 
thus transiently utilized at the time of a changeover of 
the configuration of the power system during a drive. 
[0212] The following describes a drive control routine 
executed in the hybrid vehicle of the third embodiment. 
The general flow of the drive control routine is equivalent 
to that of the first embodiment (see Fig. 5). The CPU of 
the control unit 190 first carries out the drive mode se- 
lection process (step S1 00), and subsequently performs 
the start-stop control process (step S400) in the case of 
requirement for a start or a stop of the engine 150 (step 
S200) and otherwise the standard torque control proc- 
ess (step S300). The CPU then carries out the reso- 
nance suppression control process (step S500).The hy- 
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brid vehicle of the third embodiment is driven while iter- 
atively executing this series of processing. 
[021 3] The third embodiment has different contents of 
the table for specifying the series range in the drive 
mode selection process from those of the first embodi- 5 
ment (Fig. 6). Fig. 24 shows a table representing the 
relationship between the drive mode and the driving 
state of the vehicle in the third embodiment. The 
hatched area represents a driving area in the parallel 
mode, whereas the residual area represents a driving to 
area in the series mode. 

[021 4] Like the first embodiment, the hybrid vehicle of 
the third embodiment selects the series mode while the 
vehicle is at a stop or is driven at a very low speed. As 
clearly understood from the details of the drive mode *5 
selection process (Fig. 6), the series mode is also se- 
lected when the gearshift position is at the position R or 
when a start or a stop of the engine 150 is required. 
While the procedure of the first embodiment selects the 
series mode in an area of relatively low required torque 20 
in the standard driving conditions, the procedure of the 
third embodiment selects the series mode in an area of 
relatively high required torque. 

[0215] In the same manner as the first embodiment, 
the procedure of the third embodiment compares the 25 
driving efficiency of the series mode with the driving ef- 
ficiency of the parallel mode and selects the drive mode 
of the higher driving efficiency for a standard drive. In 
the first embodiment: the parallel mode in the underdrive 
condition enables output of the power without causing 30 
any circulation of power and accordingly attains the high 
driving efficiency as described previously with Figs. 34 
to 36. The procedure of the first embodiment thus se- 
lects the parallel mode of the higher driving efficiency in 
the area of high required torque. 35 
[0216] The phenomena in the structure of the third 
embodiment are just opposite to those in the structure 
of the first embodiment as described previously with 
Figs. 37 to 39. Namely the parallel mode in the overdrive 
condition, which converts the power output from the en- *o 
gine 150 into a combination of enhanced revolving 
speed and reduced torque, enables output of the power 
without causing any circulation of power and according- 
ly attains the high driving efficiency. Contrary to the first 
embodiment, the procedure of the third embodiment *5 
thus selects the parallel mode of the higher driving effi- 
ciency in the area of low required torque. 
[0217] In the structure of the third embodiment, the 
changeover between the parallel mode (the connection 
state C3 in Fig. 23) and the series mode (the connection so 
state B3) is implemented via the connection state D3 in 
Fig. 23. For example, in the case of a changeover from 
the parallel mode (the connection state C3) to the series 
mode (the connection state B3), the procedure first re- 
leases the clutch 1 60C to have the connection state D3 55 
and then activates the brake 1 62C to constrain the plan- 
etary carrier 123C. The arrangement via this pathway 
enables the drive mode to be changed over from the 



parallel mode to the series mode without stopping the 
operation of the engine 1 50. In the case of a changeover 
from the series mode to the parallel mode, the proce- 
dure implements the changeover to the parallel mode 
after starting the engine 150 in the series mode. The 
pathway via the connection state D3 ensures a smooth 
changeover of the drive mode without causing any sig- 
nificant torque shock due to a start or a stop of the en- 
gine 150. 

[021 8] The changeover of the drive mode via the con- 
nection state D3 causes a transient dead time, in which 
no power is output, although the transient dead time is 
only a very short time period. In order to avoid no such 
dead time, the changeover may be implemented via the 
connection state A3. 

[0219] After the drive mode selection process, the 
procedure performs the start-stop control process (step 
S400) in the case of requirement for a start or a stop of 
the engine 150 (step S200) and otherwise the standard 
torque control process (step S300) as shown in the flow- 
chart of Fig. 7. The details of the respective routines in 
the third embodiment are similar to those discussed in 
the first embodiment (see Figs. 8 and 10), except the 
settings for the drive points of the motors 130C and 
140C. 

[0220] In the series mode, all the required power of 
the axle 116 is output by the motor 130C. The target 
revolving speed N1 and the target torque T1 of the motor 
130C are accordingly obtained as expressed below by 
substituting the target revolving speed Nd* and the tar- 
get torque Td* of the axle 116 into the revolving speed 
Nr and the torque Tr of the ring gear 122 and the value 
'0' into the revolving speed Nc of the planetary carrier 
123C in Equations (1), which are given above and ap- 
plied for the planetary gear unit 120C: 

N1 =-Nd*/p 



Ts = pTd* 

[0221] The motor 140C is directly linked with the en- 
gine 150, so that the target revolving speed N2 and the 
torque T2 of the motor 140C coincide with the target re- 
volving speed Ne and the target torque Te of the engine 
150. 

[0222] In the parallel mode, the settings for the target 
revolving speeds of the motors 130C and 140C are 
specified, such that the revolving speed Nr of the ring 
gear 122 is coincident with the target revolving speed 
Nd* of the axle 1 1 6 and the revolving speed of the plan- 
etary carrier 123C is coincident with the target revolving 
speed Ne of the engine 150. The motor 140C is driven 
at the same revolving speed as that of the engine 150. 
The target revolving speed N2 of the motor 1 40C is thus 
equal to the target revolving speed Ne of the engine 1 50 . 
The target revolving speed N1 of the motor 130C is ob- 
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tained as expressed below by substituting the target re- 
volving speed Nd* of the axle 116 into the revolving 
speed Nr of the ring gear 122 and the target revolving 
speed Ne of the engine 150 into the revolving speed Nc 
of the planetary carrier 123: 

N1 = (1+p)/p x Ne-NdVp 

[0223] The settings for the target torques T1 and T2 
of the motors 130C and 140C are specified, such that 
the total torque output to the axle 1 1 6 coincides with the 
required torque Td*. The torque Tes of the sun gear 
121C and the torque Tc of the planetary carrier Tc are 
obtained as expressed below by substituting the target 
torque Td* of the axle 1 1 6 into the torque Ter of the ring 
gear 122C in Equations (1) given above: 

Tes = pTd* 



Tc= (1+p)Td* 

[0224] The setting for the target torque T1 of the motor 
130C is accordingly determined to ensure output of the 
required torque to the sun gear 121C. More concretely 
T1 = Tes. The setting for the target torque T2 of the mo- 
tor 140C is determined by regulating the torque Te out- 
put from the engine 1 50 to ensure output of the required 
torque to the planetary carrier 123C. More concretely 
T2 = Tc - Td*. In this embodiment, the parallel mode is 
selected in the overdrive condition that converts the 
torque output from the engine 1 50 into a combination of 
enhanced revolving speed and reduced torque. The tar- 
get torque T2 of the motor 140C thus mainly takes a 
negative value. Namely the motor 140C mainly carries 
out the regenerative operation. 

[0225] The series mode is selected at the time of start- 
ing or stopping the engine. The drive point for starting 
or stopping the engine 150 is set to the target revolving 
speed N2 and the target torque T2 of the motor 1 40. The 
drive point of the motor 130C is identical with the set- 
tings in the series mode. 

[0226] The hybrid vehicle of the third embodiment car- 
ries out the above series of processing and is driven 
while outputting the power defined by the required re- 
volving speed and torque. As in the case of the first em- 
bodiment, the CPU carries out the resonance suppres- 
sion control process (step S500 in Fig. 7), subsequent 
to the above control processes. 

[0227] Fig. 25 is a flowchart showing the resonance 
suppression control process executed in the third em- 
bodiment. In the structure of the third embodiment, the 
motor 140C located upstream the planetary gear unit 
1 20C is in charge of starting or stopping the engine 1 50. 
There is accordingly very little possibility that the reso- 
nance occurs at the rotating shaft in the planetary gear 



unit 1 20C at the time of starting or stopping the engine 
150. The procedure of the third embodiment accordingly 
carries out the control to suppress the resonance occur- 
ring at the ring gear shaft connecting with the axle 116. 

s [0228] When the program enters the resonance sup- 
pression control process shown in Fig. 25, the CPU first 
determines whether or not the ring gear shaft resonates 
(step S530). In the same manner as the resonance sup- 
pression control process of the first embodiment (step 

10 S512 in Fig. 11), the concrete procedure processes the 
observed revolving speed of the ring gear shaft through 
a band-pass filter, so as to determine whether or not the 
revolving speed is within the resonance zone. 
[0229] In the case of no occurrence of the resonance 

15 at the ring gear shaft, the program immediately exits 
from the resonance suppression control process without 
any further processing. In the case of occurrence of the 
resonance at the ring gear shaft, on the other hand, the 
CPU measures a resonance time (step S532) and sets 

20 the force of constraint of the planetary carrier shaft cor- 
responding to the resonance time (step S534). The re- 
lationship between the force of constraint and the reso- 
nance time is specified in advance in the form of a table, 
like the first embodiment. 

25 [0230] In the third embodiment, the target for setting 
the force of constraint is varied according to the drive 
mode. In the series mode (the connection state B3 in 
Fig. 23), the brake 162C constrains the rotation of the 
planetary carrier shaft, so that the procedure reduces 

30 the oil pressure of the brake 1 62C. In the parallel mode 
(the connection state C3 in Fig. 23), on the other hand, 
the clutch 160C links the engine 150 with the motor 
140C to constrain the rotation of the planetary carrier 
shaft, so that the procedure reduces the oil pressure of 

35 the clutch 1 60C. The third embodiment provides sepa- 
rate tables for specifying the brake oil pressure and the 
clutch oil pressure corresponding to each resonance 
time and selectively uses one of the tables according to 
the drive mode. These tables are prepared, based on 

40 the same idea as that of the table of the first embodiment 
(Fig. 1 3) for specifying the oil pressure of the clutch 1 60. 
[0231 ] After setting the force of constraint of the plan- 
etary carrier shaft, the CPU controls the clutch 1 60C or 
the brake 162C according to the selected drive mode 

45 and reduces the force of constraint (step S536). 

[0232] Like the first embodiment, the hybrid vehicle of 
the third embodiment discussed above selectively uses 
the parallel mode and the series mode according to the 
driving state of the vehicle, thus ensuring an efficient 

so drive that takes advantage of the characteristics of these 
two drive modes. This arrangement enhances the driv- 
ing efficiency of the hybrid vehicle and significantly im- 
proves the ride. 

[0233] In the third embodiment, the parallel mode is 
55 selected in the area of relatively low torque (see Fig. 24) . 
As discussed previously with Fig. 14, the parallel mode 
attains the higher driving efficiency than the series mode 
in the driving condition without causing the circulation of 
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power. The arrangement of the third embodiment is thus 
effectively applied for the hybrid vehicle that is frequent- 
ly driven with relatively low torques. 
[0234] The modified structure of the first embodiment 
is also applicable to the third embodiment. Fig. 26 sche- 
matically illustrates the structure of a hybrid vehicle in a 
modified example of the third embodiment. While the 
third embodiment uses the combination of the planetary 
gear unit 120C with the motor 130C for the power dis- 
tribution mechanism, the modified example uses a 
clutch motor 230D for the power distribution mecha- 
nism. An inner rotor 232D of the clutch motor 230D is 
linked with the crankshaft 156 of the engine 150 and a 
motor 140D, whereas an outer rotor 233D is linked with 
the axle 116. 

[0235] The hybrid vehicle of the modified example has 
a clutch 160D located between the clutch motor 230D 
and the motor 140D, as well as a brake 162D disposed 
downstream the clutch 160D. The hybrid vehicle of the 
modified example may change over the connection 
state according to the conditions of the clutch 1 60D and 
the brake 162D. 

[0236] Fig. 27 enumerates possible connection states 
in the hybrid vehicle of the modified example. The upper 
left drawing represents a connection state A4, in which 
both the clutch 160D and the brake 162D are active. 
This connection state corresponds to the connection 
state A3 in the third embodiment (see Fig. 23). In this 
connection state, the brake 1 62D constrains the rotation 
of the inner rotor 232D. In the coupled position of the 
clutch 160D, the inner rotor 232D is directly linked with 
the crankshaft 156 and the motor 140D. In the connec- 
tion state A4, neither the engine 150 nor the motor 1 40D 
can be driven. 

[0237] The upper right drawing represents a connec- 
tion state B4, in which the brake 162D is active but the 
clutch 160D is inactive. This connection state corre- 
sponds to the connection state B3 in the third embodi- 
ment (Fig. 23). As in the case of the connection state 
A4, the brake 1 62D constrains the rotation of inner rotor 
232D in the connection state B4. Since the clutch 1 60D 
is released, however, the motor 1 40D can be driven with 
the power of the engine 1 50 to generate electric power. 
As the brake 162D constrains the rotation of the inner 
rotor 232D, the clutch motor 230D can output power to 
the axle 116. Namely the connection state B4 corre- 
sponds to the structure of the series hybrid vehicle. 
[0238] The lower left drawing represents a connection 
state C4, in which the brake 162D is inactive but the 
clutch 160D is active. This connection state corre- 
sponds to the connection state C3 in the third embodi- 
ment (Fig. 23). In this state, the outer rotor 233 is rotat- 
able with the axle 1 1 6. The power output from the engine 
150 is partly regenerated by the motor 140D : while the 
clutch motor 230D carries out the power operation to 
regulate the revolving speed of the residual power and 
output the regulated residual power to the axle 1 1 6. The 
electric power required for the power operation of the 
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clutch motor 230D is mainly supplied by the electric 
power regenerated by the motor 1 40D. Namely the con- 
nection state C4 corresponds to the structure of the par- 
allel hybrid vehicle. 

5 [0239] The following describes procedures of con- 
verting the power output from the engine 150 and out- 
putting the converted power to the axle 116 in the con- 
nection state C4. In the underdrive condition, the outer 
rotor 233D of the clutch motor 230D has a lower revolv- 

10 ing speed than the revolving speed of the inner rotor 
232D. The clutch motor 230D accordingly regenerates 
the electric power corresponding to the slip between the 
inner rotor 232D and the outer rotor 233D. The motor 
140D, on the other hand, carries out the power operation 

'5 to cause a greater torque than the output torque of the 
engine 150 to be output from the axle 116. The electric 
power required for the power operation of the motor 
140D is supplied by the electric power regenerated by 
the clutch motor 230D. As in the hybrid vehicle of the 

20 third embodiment, in the underdrive condition, the elec- 
tric power obtained by regenerating part of the power 
output from the engine 150 is supplied from the down- 
stream clutch motor 230D to the upstream motor 140A. 
In the hybrid vehicle of this modified example, a circu- 

25 lation of power accordingly occurs to lower the driving 
efficiency in the underdrive condition. 
[0240] In the overdrive condition, on the other hand, 
the outer rotor 233D of the clutch motor 230D has a high- 
er revolving speed than the revolving speed of the inner 

30 rotor 232D. The clutch motor 230D accordingly carries 
out the power operation with a supply of the electric pow- 
er corresponding to the slip between the inner rotor 
232D and the outer rotor 233D. In the overdrive condi- 
tion, the motor 140D applies loading and causes a 

35 smaller torque than the output torque of the engine 1 50 
to be output from the axle 116. Namely the motor 140D 
carries out the regenerative operation to regenerate the 
electric power, which is mainly supplied for the power 
operation of the clutch motor 230D. As in the hybrid ve- 

40 hide of the third embodiment, in the overdrive condition, 
part of the power output from the engine 150 is regen- 
erated by the upstream motor 140D and is supplied to 
the downstream clutch motor230D. In the hybrid vehicle 
of the modified example, no circulation of power occurs 

45 jn the overdrive condition. 

[0241] The lower right drawing represents a connec- 
tion state D4, in which both the brake 162D and the 
clutch 160D are inactive. This connection state corre- 
sponds to the connection state D3 in the third embodi- 

50 ment (Fig. 23). In this state, the outer rotor 233D is freely 
rotatable. The engine 150 and the motor 140D are also 
freely rotatable. In this case, however, the rotation of the 
inner rotor 232D is not constrained, so that the power 
can not be output from the clutch motor 230D to the axle 

55 116. 

[0242] The connection states A4 to D4 in the hybrid 
vehicle of the modified example are respectively equiv- 
alent to the connection states A3 to D3 in the hybrid ve- 
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hide of the third embodiment and have the similar char- 
acteristics, for example, regarding the driving efficiency. 
The procedures of the third embodiment are applicable 
to this modified example by adequately modifying the 
relationship between the drive mode and the driving 
state of the vehicle according to the structure of the hy- 
brid vehicle of the modified example. Like the third em- 
bodiment, the hybrid vehicle of the modified example at- 
tains the drive taking advantage of the characteristics of 
the parallel mode and the series mode and thus ensures 
the enhanced driving efficiency and the improved ride. 

(5) Fourth Embodiment 

[0243] A hybrid vehicle in a fourth embodiment of the 
present invention is discussed below. Fig. 28 schemat- 
ically illustrates the structure of a hybrid vehicle in the 
fourth embodiment. In the hybrid vehicle of this embod- 
iment, the power system includes the engine 1 50, a mo- 
tor 140E, and another motor 130E that are connected 
in this order from the upstream side. As in the case of 
the third embodiment, the engine 150 is directly linked 
with the motor 140E, and the motor 130E is mechani- 
cally linked with the engine 1 50 and the motor 1 40E via 
a planetary gear unit 120E. A first clutch 160E is dis- 
posed between the planetary gear unit 120E and the 
motor 140E. 

[0244] The difference from the third embodiment is 
that the fourth embodiment uses a second clutch 161 E 
in place of the brake 1 62C of the third embodiment. The 
second clutch 161E connects and disconnects a ring 
gear 1 22E with and from a planetary carrier 1 23E in the 
planetary gear unit 120E. The control unit 190 controls 
the connection and disconnection of the second clutch 
1 61 E. The hybrid vehicle of the fourth embodiment has 
a diversity of sensors that are equivalent to those of the 
first embodiment, although they are omitted from the il- 
lustration of Fig. 28 for simplicity of the illustration. 
[0245] In the hybrid vehicle of the fourth embodiment, 
the configuration of the power system may be changed 
over among four connection states according to the con- 
ditions of the first clutch 160E and the second clutch 
161 E. Fig. 29 enumerates possible connection states in 
the hybrid vehicle of the fourth embodiment. 
[0246] The upper left drawing represents a connec- 
tion state A5, in which both the first clutch 160E and the 
second clutch 1 61 E are active. In this connection state, 
the function of the second clutch 161 E makes the ring 
gear 122E rotate integrally with the planetary carrier 
123E. As the ring gear 122E and the planetary carrier 
123E rotate integrally with each other, the motor 130E 
is also rotated at the same revolving speed. In the cou- 
pled position of the first clutch 1 60E, the crankshaft 1 56 
of the engine 1 50 is directly linked with the axle 116. The 
connection state A5 accordingly corresponds to a spe- 
cific state, in which all the engine 150, the motor 140E, 
the motor 1 30E, and the axle 116 are directly connected 
with one another. This drive mode is hereinafter referred 



to as the direct connection mode. 
[0247] The upper right drawing represents a connec- 
tion state B5, in which the second clutch 1 61 E is active 
but the first clutch 1 60E is inactive. As in the case of the 

5 connection state A5, the function of the second clutch 
1 61 E makes the ring gear 1 22E rotate integrally with the 
planetary carrier 1 23E, and the motor 1 30E is rotated at 
the same revolving speed. The motor 130E is thus di- 
rectly linked with the axle 116 to enable output of the 

10 power from the motor 1 30E to the axle 116. The engine 
150 and the motor 140E are freely rotatable, and the 
motor 140E can regenerate the power output from the 
engine 150 in the form of electric power. Namely the 
connection state B5 corresponds to the structure of the 

is series hybrid vehicle. 

[0248] The lower left drawing represents a connection 
state C5, in which the second clutch 1 61 E is inactive but 
the first clutch 160E is active. This is equivalent to the 
connection state C3 of the third embodiment. Namely 

20 the connection state C5 corresponds to the structure of 
the parallel hybrid vehicle. 

[0249] The lower right drawing represents a connec- 
tion state D5, in which both the second clutch 1 61 E and 
the first clutch 1 61 E are inactive. In this state, the three 

25 gears in the planetary gear unit 120E are rotatable 
based on the nomogram, and the motor 140B can re- 
generate the power output from the engine 150 in the 
form of electric power. In this case, however, since the 
rotation of the planetary carrier 123E is not constrained, 

30 no power can be output from the motor 1 30E to the axle 
116. This is equivalent to the connection state D3 of the 
third embodiment. 

[0250] The following describes a drive control routine 
executed in the hybrid vehicle of the fourth embodiment. 

35 The general flow of the drive control routine is equivalent 
to that of the first embodiment (see Fig. 5). The CPU of 
the control unit 190 first carries out the drive mode se- 
lection process (step S1 00), and subsequently performs 
the start-stop control process (step S400) in the case of 

40 requirement for a start or a stop of the engine 1 50 (step 
S200) and otherwise the standard torque control proc- 
ess (step S300). The CPU then carries out the reso- 
nance suppression control process (step S500). The hy- 
brid vehicle of the fourth embodiment is driven while it- 

45 eratively executing this series of processing. 

[0251 ] The details of the drive mode selection process 
executed in the fourth embodiment are similar to those 
of the second embodiment (see Figs. 6 and 20). The 
procedure first determines whether or not the series 

50 mode is to be selected, based on the current gearshift 
position and the driving state of the vehicle (steps S1 02 
to S106 in Fig. 6). In the case where the series mode is 
not selected based on these conditions, the process se- 
lects the direct connection mode (step S112 in Fig. 20) 

55 only when the driving state is in the direct connection 
range and the observed state of charge SOC in the bat- 
tery 1 94 is greater than the preset level Slim . When nei- 
ther the series mode nor the direct connection mode is 
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selected based on the results of the decision, the proc- 
ess selects the series mode in the case of requirement 
for a start or a stop of the engine 150, while otherwise 
selecting the parallel mode (steps S120 to S134 in Fig. 
6). 

[0252] Like the embodiments discussed above, the 
decision regarding the series range and the direct con- 
nection range is based on the table representing the re- 
lationship between the drive mode and the driving state 
of the vehicle. Fig. 30 shows an example of this table 
used in the fourth embodiment. Cross-hatched areas 
DC1 and DC2 show the direct connection range. The 
hatched area represents a driving area in the parallel 
mode, whereas the residual area represents a driving 
area in the series mode. The driving area in the direct 
connection mode in the fourth embodiment is identical 
with that of the second embodiment, whereas the driving 
area in the series mode is identical with that of the third 
embodiment. 

[0253] As in the case of the second embodiment, the 
changeover between the parallel mode and the series 
mode is implemented via two different pathways. The 
first pathway attains the changeover between the par- 
allel mode and the series mode via the connection state 
D5 in which both the first clutch 160E and the second 
clutch 162E are inactive. The second pathway attains 
the changeover between the parallel mode and the se- 
ries mode via the connection state A5 in which both the 
first clutch 1 60E and the second clutch 1 62 E are active. 
As discussed in the second embodiment (Fig. 20), the 
adequate pathway is selectively used according to the 
locus along which the driving state of the vehicle is var- 
ied in the table of Fig. 30. 

[0254] After the selection of the drive mode by the 
above series of processing, the CPU carries out either 
the torque control process (step S300 in Fig. 5) or the 
start-stop control process (step S400) like the first em- 
bodiment. The details of the respective routines are sim- 
ilar to those discussed in the first embodiment (see Figs. 
8 and 1 0), except the settings for the drive points of the 
motors 130E and 140E. 

[0255] The configuration in the parallel mode of the 
fourth embodiment is equivalent to the configuration in 
the parallel mode of the third embodiment. The settings 
for the drive points of the motors 130E and 140E are 
thus identical with those of the third embodiment in both 
the torque control process (Fig. 8) and the start-stop 
control process (Fig. 10). 

[0256] The configuration in the series mode of the 
fourth embodiment is similar to the configuration in the 
series mode of the third embodiment, except some dif- 
ference. In the third embodiment, the axle 116 and the 
motor 1 30E are driven at different revolving speeds cor- 
responding to the gear ratio in the planetary gear unit 
120E. In the fourth embodiment, however, the motor 
130E is driven at the same revolving speed as that of 
the axle 116. The procedure of the fourth embodiment 
accordingly sets the target revolving speed N1 and the 
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target torque T1 of the motor 1 30E equal to the target 
revolving speed Nd* and the target torque Td* of the axle 
116. 

[0257] As in the case of the second embodiment, a 

5 drive point on the working curve A where the revolving 
speed of the engine 150 is identical with the revolving 
speed of the axle 116 is selected for the drive point of 
the engine 150 in the direct connection mode. In the 
case where the output torque of the engine 150 driven 

10 at the selected drive point coincides with the required 
torque, the hybrid vehicle of the fourth embodiment is 
driven while setting the value '0* to the target torques of 
the motors 130E and 140E, that is, while keeping the 
motors 130E and 140E at an idle. 

15 [0258] In the case where the output of the engine 1 50 
is less than the required torque, the settings for the drive 
points of the motors 130E and 140E are specified to 
compensate for the insufficiency of the torque. As in the 
case of the second embodiment, the distribution of the 

20 insufficient torque into the respective motors 130E and 
140E is based on the ratio of the rated outputs of these 
motors. In the fourth embodiment, a variety of other set- 
tings may be applied for the distribution of the torque 
into the motors 130E and 1 40E in the direct connection 

25 mode. 

[0259] The hybrid vehicle of the fourth embodiment 
carries out the above series of processing and is driven 
while outputting the power defined by the required re- 
volving speed and torque. As in the case of the first em- 
30 bodiment, the CPU carries out the resonance suppres- 
sion control process (step S500 in Fig. 5), subsequent 
to the above control processes. 

[0260] The resonance suppression control process of 
the fourth embodiment is similar to that of the third em- 

35 bodiment (see Fig. 25), except some difference. The 
procedure of the third embodiment reduces the oil pres- 
sure of the clutch 1 60D or the brake 1 62D when the res- 
onance occurs at the ring gear shaft. The procedure of 
the fourth embodiment reduces the oil pressure of the 

40 second clutch 161E, instead of the oil pressure of the 
brake 162D. The setting for the oil pressure of the sec- 
ond clutch 1 61 E is specified in advance in the form of a 
table, which is equivalent to the table of the brake oil 
pressure in the third embodiment 

45 [0261] The procedure of the third embodiment reduc- 
es the oil pressure of the clutch 1 60D when the reso- 
nance occurs at the ring gear shaft in the parallel mode. 
In the same manner as the first embodiment, the proce- 
dure of the fourth embodiment reduces the oil pressure 

so of the first clutch 160E when the resonance occurs in 
the parallel mode. In the fourth embodiment, the oil pres- 
sure of the first clutch 1 60E is reduced in the direct con- 
nection mode as well as in the parallel mode. 
[0262] Like the first embodiment, the hybrid vehicle of 

55 the fourth embodiment discussed above selectively us- 
es the parallel mode and the series mode according to 
the driving state of the vehicle, thus ensuring an efficient 
drive that takes advantage of the characteristics of these 
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two drive modes. This arrangement enhances the driv- 
ing efficiency of the hybrid vehicle and significantly im- 
proves the ride. 

[0263] The structure of the fourth embodiment also 
takes the direct connection mode to exert the further ef- 
fects as discussed in the second embodiment. In the di- 
rect connection mode, the torque may be output from 
all the engine 150 and the motors 130E and 140E. This 
extends the drivable area of the hybrid vehicle. The hy- 
brid vehicle is also driven at an extremely high driving 
efficiency in the direct connection mode. 

(6) Fifth Embodiment 

[0264] A hybrid vehicle in a fifth embodiment of the 
present invention is discussed below. Fig. 31 schemat- 
ically illustrates the structure of a hybrid vehicle in the 
fifth embodiment. The structure of the hybrid vehicle in 
the fifth embodiment is substantially similar to the struc- 
ture of the hybrid vehicle in the first embodiment (Fig. 
1). In the fifth embodiment, the configuration of the pow- 
er system is selectable among the four connection 
states according to the conditions of the clutch 1 60 and 
the brake 162 shown in Fig. 2. The difference from the 
hybrid vehicle of the first embodiment is that the fifth em- 
bodiment has a route information sensor 200 and a road 
database 201 to give the control unit 190 information 
regarding the route which the vehicle takes. 
[0265] The road database 201 mainly stores electron- 
ic road map data, and is constructed, for example, by a 
hard disk, a diversity of CD-ROMs, and other media. 
The positions as well as the altitudes of the respective 
roads are stored in the road database 201. The road 
database 201 also stores destinations and routes input 
in advance by the driver. 

[0266] The route information sensor 200 detects the 
position of the hybrid vehicle and the road status with 
regard to a planned driving route. A sensor that meas- 
ures the latitude and the longitude based on the radio 
wave from satellites may be used to detect the position 
of the hybrid vehicle. The hybrid vehicle may be provid- 
ed with an inertia sensor or an acceleration sensor and 
compute the current position according to the driving da- 
ta of the vehicle. The detection of the road status may 
be performed by a receiver that receives required pieces 
of information transmitted by the radio wave. 
[0267] The details of the drive mode selection process 
in the drive control routine (Fig. 5) executed in the hybrid 
vehicle of the fifth embodiment are different from those 
of the first embodiment. Fig. 32 shows the details of the 
drive mode selection process executed in the fifth em- 
bodiment. In this routine, the CPU reads route informa- 
tion in addition to the diversity of parameters represent- 
ing the driving conditions of the vehicle (step S 1 02). The 
input route information includes, for example, informa- 
tion regarding a variation in altitude of the planned driv- 
ing route like upward slopes and downward slopes, in- 
formation regarding the frequency of curves as in moun- 



tain roads, information regarding the type of road like a 
standard road or an expressway, and traffic jam infor- 
mation. 

[0268] When it is determined that preference should 
5 be given to the route information (step S103), the CPU 
sets and changes over the drive mode based on the 
route information (step S136). Otherwise the CPU sets 
and changes over the drive mode according to the driv- 
ing conditions of the vehicle, in the same manner as the 
10 first embodiment (see Fig. 6). 

[0269] In the structure of the fifth embodiment, a di- 
versity of situations are identified in advance as the case 
of giving preference to the route information. Examples 
of such situation are discussed below with Fig. 33. Fig. 
is 33 shows selection of the drive mode in the driving range 
of the hybrid vehicle of the fifth embodiment. 
[0270] In a first example, the parallel mode is prefer- 
entially selected when the planned driving route in- 
cludes an upward slope and the vehicle approaches to 
20 a predetermined area before the upward slope. As de- 
scribed previously with Fig. 14, the parallel mode has 
the higher driving efficiency than the series mode. There 
is a difference in charging efficiency due to the rating of 
the motor 1 30. In this embodiment, the motor of relative- 
's |y small rating is applied for the motor 130, which ac- 
cordingly has a relatively low upper limit of the power 
generation capacity. Under such conditions, even when 
the output power of the engine 150 satisfies the total 
required power for driving and for charging the battery 
30 194, the motor 130 may not regenerate all the output 
power. In the series mode, it is accordingly required to 
gradually charge the battery 194 in a range of not ex- 
ceeding the rating of the motor 1 30. In the parallel mode, 
on the other hand, part of the output power of the engine 
35 1 50 is directly transmitted to the axle 1 1 6 in the form of 
mechanical power. This relatively reduces the electric 
power required for driving out of the electric power to be 
regenerated by the motor 1 30, that is, the electric power 
supplied to the motor 1 40. The parallel mode according- 
40 |y enables a greater quantity of electric power to be sup- 
plied for charging the battery 194. 
[0271 ] Because of these reasons, the preferential se- 
lection of the parallel mode ensures a drive suitable to 
charge the battery 194 and make provision for the up- 
45 ward slope requiring greater power consumption. A va- 
riety of procedures may be applied for the drive with the 
preference given to the parallel mode. For example, as 
one application of step S1 36 that sets and changes over 
the drive mode based on the route information, the pro- 
so cedure may select the parallel mode irrespective of the 
driving conditions of the vehicle, in the case where the 
planned driving route includes an upward slope and the 
vehicle approaches to a predetermined area before the 
upward slope. In another example, in the table of spec- 
55 ifying the drive mode (Fig. 33), a boundary BL between 
the series mode and the parallel mode may be shifted 
to extend the area of the parallel mode (in the direction 
of the arrow Ar2). 
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[0272] In a second example, the series mode is pref- 
erentially selected when the planned driving route in- 
cludes a discrete curve or corner and the vehicle ap- 
proaches to a predetermined area before the discrete 
curve or comer. A curve C1 in Fig. 33 represents the 
variation in driving state of the vehicle running on such 
a discrete curve or comer. The vehicle once decelerates 
and subsequently accelerates. The standard setting 
causes frequent changeover of the drive mode in the 
order of the series mode, the parallel mode, the series 
mode when the vehicle ru ns at the discrete curve or cor- 
ner. The frequent changeover of the drive mode results 
in the poor ride and the poor response of the vehicle 
running at the discrete curve or corner, since there is 
often a time delay of the torque output on the occasion 
of the changeover. The hybrid vehicle of this embodi- 
ment sets the series mode to the drive mode in response 
to input of the route information representing the pres- 
ence of such a discrete curve or corner. This arrange- 
ment effectively prevents the potential troubles due to 
the frequent changeover of the drive mode. In the table 
of specifying the drive mode (Fig. 33), the boundary BL 
may be shifted to extend the area of the series mode (in 
the direction of the arrow AM). 

[0273] In a third example, the parallel mode is prefer- 
entially selected when the planned driving route in- 
cludes a continuous curve or corner and the vehicle ap- 
proaches to a predetermined area before the continu- 
ous curve or corner. A curve C2 in Fig. 33 represents 
the variation in driving state of the vehicle running on 
such a continuous curve or corner. The vehicle on the 
continuous curve or corner is generally driven in an area 
of relatively low vehicle speed but high torque. Setting 
the parallel mode to the drive mode in response to input 
of the route information representing the presence of 
such a continuous curve or corner effectively prevents 
frequent changeover of the drive mode. In the table of 
specifying the drive mode (Fig. 33), the boundary BL 
may be shifted to extend the area of the parallel mode 
(in the direction of the arrow Ar2). 
[0274] In a fourth example, the parallel mode is se- 
lected at the time of starting the vehicle, which is on an 
upward slope. A curve C3 in Fig. 33 represents the var- 
iation in driving state of the vehicle at the time of starting 
on the upward slope. The start on the upward slope re- 
quires a greater torque than the standard start. When 
the vehicle starts in the series mode according to the 
standard procedure, the drive mode should be changed 
over to the parallel mode immediately after the start. In 
the driving state that requires the large torque, it is de- 
sirably to continuously output the torque without 
changeover of the drive mode. Setting the parallel mode 
at the time of starting the vehicle on an upward slope 
effectively prevents the immediate changeover of the 
drive mode and ensures continuous output of the 
torque. The vehicle starting in the parallel mode may use 
only the power of the motor 140 or additionally use the 
power of the engine 150. 



[0275] In a fifth example, the vehicle changes the 
boundary BL of the drive mode (Fig. 33) according to 
the slope in the planned driving route and preferentially 
selects the adequate drive mode. For example, a drive 

5 on the upward slope requires a relatively large torque, 
so that the vehicle is generally driven in the area of the 
parallel mode. Shifting the boundary BL according to the 
gradient of the upward slope to extend the area of the 
parallel mode (in the direction of the arrow Ar2 in Fig. 

10 33) thus effectively prevents the frequent changeover of 
the drive mode during the drive. A drive on the down- 
ward slope does not require a large torque, so that the 
vehicle is generally driven in the area of the series mode. 
Shifting the boundary BL according to the gradient of 

is the downward slope to extend the area of the series 
mode (in the direction of the arrow AM in Fig. 33) thus 
effectively prevents the frequent changeover of the drive 
mode during the drive. 

[0276] The vehicle may be driven with a negative 
20 torque, that is, with a braking force, on a steep down- 
ward slope, although not specifically illustrated in Fig. 
33. In such cases, the motor 140 carries out regenera- 
tive braking. As the gradient of the downward slope be- 
comes steeper, it is preferable to combine regenerative 
25 braking of the motor 130 and engine braking of the en- 
gine 150 with the regenerative braking of the motor 140. 
The regenerative braking of the motor 130 and the en- 
gine braking can be applied in the parallel mode. One 
preferable procedure may thus preferentially select the 
30 parallel mode when the vehicle is on an extremely steep 
downward slope. 

[0277] A diversity of other settings may be applied to 
select the drive mode based on the route information. 
For example, the parallel mode is preferentially selected 

35 when the planned driving route includes an expressway, 
as in the case of the upward slope. Like the drive on the 
upward slope, the drive on the expressway requires the 
greater power consumption and thus selects the drive 
mode suitable to charge the battery 194. 

*o [0278] In another example, the series mode is prefer- 
entially selected when the planned driving route has a 
traffic jam and the vehicle approaches to a predeter- 
mined area before the traffic jam. Stop, start, and low- 
speed drive of the vehicle are generally repeated in the 

*5 traffic jam. Setting the series mode to the drive mode 
effectively prevents the frequent changeover of the drive 
mode in the traffic jam and ensures smooth driving. The 
process of setting and changing over the drive mode 
based on the route information is not restricted to the 

50 above examples. Still another example may change 
over the drive mode in the urban area and in the provin- 
cial area. 

[0279] The hybrid vehicle of the fifth embodiment dis- 
cussed above sets the adequate drive mode according 
55 to the driving state of the vehicle as well as the route 
information, thus ensuring an efficient drive that takes 
advantage of the characteristics of the parallel mode 
and the series mode. This arrangement enhances the 
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driving efficiency of the hybrid vehicle and significantly 
improves the ride. 

[0280] The fifth embodiment regards the structure 
that adds the route information sensor 200 and the road 
database 201 to the hybrid vehicle of the first embodi- 
ment. The structure may add the route information sen- 
sor 200 and the road database 201 to any of the hybrid 
vehicles of the other embodiments and their modified 
examples. 

[0281] The present invention is not restricted to the 
above embodiments or their modified examples, but 
there may be many other modifications, changes, and 
alterations without departing from the scope or spirit of 
the main characteristics of the present invention . For ex- 
ample, the hybrid vehicle of each embodiment uses the 
gasoline engine 150 for the engine, but another power 
source like a Diesel engine is also applicable for the en- 
gine. The three-phase synchronous motor used in any 
of the above embodiments may be replaced by an in- 
duction motor, another a.c. motor, or a d.c. motor. In the 
above embodiments, the CPU executes the software to 
implement the variety of control procedures. Such con- 
trol procedures may alternatively be attained by the 
hardware configuration. The technique of the present in- 
vention is not restricted to the hybrid vehicle discussed 
in the embodiments, but may be applied to a diversity 
of power output apparatuses including ships and ves- 
sels, aircraft, and machine tools. 

Industrial Applicability 

[0282] The technique of the present invention is effec- 
tively utilized to attain a hybrid-type power output appa- 
ratus that enables changeover between the parallel hy- 
brid configuration and the series hybrid configuration 
and ensures a high driving efficiency in a wide driving 
range. 



Claims 

1. A power output apparatus comprising at least an 
engine and two motors and causing power to be 
output from a drive shaft, said power output appa- 
ratus comprising: 

changeover means that changes over a con- 
nection state of the engine and the two motors be- 
tween a parallel connection mode, in which at least 
part of output of the engine is transmitted in the forrn 
of mechanical power to the drive shaft and at least 
one of the two motors is utilized as a power source, 
and a series connection mode, in which at least one 
of the two motors converts the output of the engine 
into electric power and the other motor reconverts 
the electric power into mechanical power and out- 
puts the mechanical power to the drive shaft. 

2. A power output apparatus in accordance with claim 



1 , wherein one of the two motors functions as a 
power regulation unit, which has at least two rotat- 
ing shafts and is capable of regulating magnitude 
of power transmitted between the at least two rotat- 
5 ing shafts through transmission of electric power, 

said power regulation unit and the other motor 
are arranged in series between an output shaft 
of the engine and the drive shaft, and 
10 said changeover means comprises: 

a connection mechanism that connects 
and disconnects the power regulation unit 
with and from the other motor; and 

15 a constraint mechanism that constrains 

one of the at least two rotating shafts in said 
power regulation unit and thereby allows 
conversion between electric power and 
mechanical power in said power regulation 

20 unit in a released position of the connection 

mechanism. 

3. A power output apparatus in accordance with claim 
2, wherein said power regulation unit comprises a 

25 pair- rotor motor having two rotors that are rotatable 

relative to each other. 

4. A power output apparatus in accordance with claim 
2, wherein said power regulation unit comprises a 

30 planetary gear unit having three rotating shafts and 
a motor generator linked with one of the three rotat- 
ing shafts. 

5. A power output apparatus in accordance with claim 
35 4, wherein the constraint mechanism links the re- 
sidual two rotating shafts of the planetary gear unit 
with each other. 

6. A power output apparatus in accordance with claim 
40 2, wherein the constraint mechanism constrains ro- 
tation of a specific rotating shaft that is linked with 
the connection mechanism, among the at least two 
rotating shafts in said power regulation unit. 

45 7. a hybrid vehicle that has at least an engine and two 
motors mounted thereon and is driven while caus- 
ing power to be output from a drive shaft, said hybrid 
vehicle comprising: 

changeover means that changes over a con- 

50 nection state of the engine and the two motors be- 
tween a parallel connection mode, in which at least 
part of output of the engine is transmitted in the form 
of mechanical power to the drive shaft and at least 
one of the two motors is utilized as a power source, 

55 and a series connection mode, in which at least one 
of the two motors converts the output of the engine 
into electric power and the other motor reconverts 
the electric power into mechanical power and out- 
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puts the mechanical power to the drive shaft. 

8. A hybrid vehicle in accordance with claim 7, wherein 
one of the two motors functions as a power regula- 
tion unit, which has at least two rotating shafts and 
is capable of regulating magnitude of power trans- 
mitted between the at least two rotating shafts 
through transmission of electric power, 

said power regulation unit and the other motor 
are arranged in series between an output shaft 
of the engine and the drive shaft, and 
said changeover means comprises: 

a connection mechanism that connects 
and disconnects the power regulation unit 
with and from the other motor; and 
a constraint mechanism that constrains 
one of the at least two rotating shafts in said 
power regulation unit and thereby allows 
conversion between electric power and 
mechanical power in said power regulation 
unit in a released position of the connection 
mechanism. 

9. A hybrid vehicle in accordance with claim 8, wherein 
said power regulation unit comprises a pair-rotor 
motor having two rotors that are rotatable relative 
to each other. 

1 0. A hybrid vehicle in accordance with claim 8, wherein 
said power regulation unit comprises a planetary 
gear unit having three rotating shafts and a motor 
generator linked with one of the three rotating 
shafts. 

11. A hybrid vehicle in accordance with claim 10, 
wherein the constraint mechanism links the residual 
two rotating shafts of the planetary gear unit with 
each other. 

12. A hybrid vehicle in accordance with claim 8, wherein 
the constraint mechanism constrains rotation of a 
specific rotating shaft that is linked with the connec- 
tion mechanism, among the at least two rotating 
shafts in said power regulation unit. 

13. A hybrid vehicle in accordance with claim 7, said 
hybrid vehicle further comprising: 

detection means that detects a predetermined 
parameter relating to a driving state of said hy- 
brid vehicle; and 

control means that controls said changeover 
means to change over the connection state, 
based on a result of the detection. 

14. A hybrid vehicle in accordance with claim 13, 



wherein said control means comprises: 

a storage unit that stores a mapping of each 
range of the predetermined parameter to the 
5 connection state having a high driving efficien- 

cy; and 

a unit that refers to the storage unit based on 
the result of the detection by said detection 
means and implements the changeover of the 
10 connection state. 

15. A hybrid vehicle in accordance with claim 13, 
wherein said detection means determines whether 
or not a current gearshift position is at a reverse po- 
15 sition, and 

said control means selects the series connec- 
tion mode when it is determined that the current 
gearshift position is at the reverse position. 

20 16. A hybrid vehicle in accordance with claim 13, 
wherein said detection means determines whether 
or not said hybrid vehicle is at a stop, and 

said control means selects the series connec- 
tion mode when it is determined that said hybrid ve- 

25 hide is at a stop. 

17. A hybrid vehicle in accordance with claim 13, 
wherein said detection means determines whether 
or not said hybrid vehicle is in a specific driving state 
30 that requires motoring of the engine, and 

said control means selects the series connec- 
tion mode when it is determined that said hybrid ve- 
hicle is in the specific driving state. 

35 18. A hybrid vehicle in accordance with claim 13, 
wherein said detection means determines whether 
or not said hybrid vehicle is in a certain driving state 
that requires a stop of the engine, and 

said control means selects the series connec- 

40 tion mode when it is determined that said hybrid ve- 
hicle is in the certain driving st&re. 

. 19. A hybrid vehicle in accordance with claim 8, wherein 
said power regulation unit comprises a planetary 
45 gear unit having three rotating shafts and a motor 
generator linked with one of the tnree rotating 
shafts, 

the constraint mechanism links the residual two 
so rotating shafts of the planetary gear unit with 

each other, 

said detection means detects a required torque 
to be output from the drive shaft, and 
said control means makes both the connection 
55 mechanism and the constraint mechanism in 

coupled positions when the required torque is 
not less than a preset value. 
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20. A hybrid vehicle in accordance with claim 8, said 
hybrid vehicle further comprising: 

resonance detection means that detects occur- 
rence of a resonance on at least one of the out- 
put shaft of the engine and the drive shaft; and 
resonance suppression control means that, 
when the occurrence of the resonance is de- 
tected at any shaft, controls both the connec- 
tion mechanism and the constraint mechanism 
to restrict a torque applied on the shaft with the 
resonance. 

21. A hybrid vehicle in accordance with claim 20, 
wherein said resonance suppression control means 
restricts the torque applied on the shaft with the res- 
onance to be not greater than a torsional strength 
of the shaft. 

22. A hybrid vehicle in accordance with claim 20, 
wherein said resonance suppression control means 
restricts the torque applied on the shaft with the res- 
onance to a specific level that causes no vibrations 
of said hybrid vehicle. 

23. A hybrid vehicle in accordance with claim 20, 
wherein said power regulation unit is linked with the 
engine, 

said resonance detection means detects the 
occurrence of the resonance on the output 
shaft of the engine in the released position of 
the connection mechanism and in an active po- 
sition of the constraint mechanism, and 
said resonance suppression control means re- 
duces a force of constraint by the constraint 
mechanism when the occurrence of the reso- 
nance is detected. 

24. A hybrid vehicle in accordance with claim 23, 
wherein said resonance detection means detects 
the occurrence of the resonance in the course of 
motoring the engine, and 

said resonance suppression control means 
reduces the force of constraint by the constraint 
mechanism in a certain range that enables a spe- 
cific torque, which allows motoring of the engine, to 
be added to the output shaft. 

25. A hybrid vehicle in accordance with claim 20, 
wherein said resonance detection means detects 
the occurrence of the resonance on the drive shaft 
in a coupled position of the connection mechanism, 
and 

said resonance suppression control means 
reduces a force of connection by the connection 
mechanism when the occurrence of the resonance 
is detected. 



26. A hybrid vehicle in accordance with claim 25, 
wherein said resonance detection means detects 
the occurrence of the resonance in the course of 
braking said hybrid vehicle, and 

said resonance suppression control means 
reduces the force of connection by the connection 
mechanism in a certain range that enables trans- 
mission of a specific torque, which is not less than 
a maximum regenerative torque applied by one of 
said power regulation unit and the other motor ar- 
ranged closer to the engine. 

27. A hybrid vehicle in accordance with claim 7, said 
hybrid vehicle further comprising: 

route information input means that inputs route 
information relating to a driving state of said hy- 
brid vehicle, with regard to a preset driving 
route of said hybrid vehicle, and 
said control means carries out the changeover 
by taking into account the route information. 

28. A method of controlling a hybrid vehicle, said hybrid 
vehicle comprising: at least an engine and a motor 
as power source for causing power to be output 
from a drive shaft; and changeover means that 
changes over a connection state of the engine and 
the motor between a parallel connection mode, 
which transmits at least part of output of the engine 
to the drive shaft in the form of mechanical power, 
and a series connection mode, which converts the 
output of the engine into electric power and outputs 
the electric power to the drive shaft, 

said method comprising the steps of : 

(a) detecting a predetermined parameter relat- 
ing to a driving state of said hybrid vehicle; and 

(b) controlling said changeover means to 
change over the connection state, based on a 

40 preset mapping of each range of the predeter- 

mined parameter to the connection state. 
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